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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] This invention relates to a catalyst composition and method for the oxidation of oxidizeat^le components of a 
gas-borne stream. e.g.. for the treatment of diesel engine exhaust, and more specifically to the treatment of such diesel 
exhaust to reduce the particulates content thereof. 

10 

Background and Related Art 

[0002] As is well-known, gas-borne streams or engine exhausts often contain oxidizeable pollutants such as 
unburned fuel and vaporized or condensed oils. For example, diesel engine exhaust contains not only gaseous pollut- 

15 ants such as cart>on monoxkle ("CO**) and unburned hydrocarbons fHC**), but also soot particles which, as described 
in more detail below, comprise both a dry carbonaceous fraction and a hydrocarbon liquid which is sometimes referred 
to as a volatile organic fraction ("VOF^. which terminology will be used herein, or a soluble organic fraction. Accord- 
ingly, although sometimes loosely referred to as an "exhaust gas", the exhaust of a diesel engine is actually a hetero- 
geneous material, comprising gaseous, liquid and solid components. The VOF may exist in diesel exhaust either as a 

20 vapor or as an aerosol (fine droplets of liqukJ condensate) depending on the temperature of the diesel exhaust. 

[0003] Oxidation catalysts comprising a platinum group metal dispersed on a refractory metal oxide support are 
known for use in treating the exhaust of diesel engines in order to convert both HC and CO gaseous pollutants and par- 
ticulates, i.e., soot particles, by catalyzing the oxidation of these pollutants to cartoon dioxide and water. One problem 
faced in the treatment of diesel engine exhaust is presented by the presence of sulfur in diesel fuel. Upon combustion. 

25 sulfur forms sulfur dioxide and the oxidation catalyst catalyzes the SO2 to SO3 ("sulfates") with subsequent formation 
of sulfuric acid. The sulfates also react with activated alumina supports to form aluminum sulfates, which render acti- 
vated alumina-containing catalysts inactive. Jn this regard, see US. Patent 4,171,289 at column 1. line 39 et seq. Pre- 
vious attempts to deal with the sulfation problem include the incorporation of large amounts of sulfate-resistant 
materials such as vanadium oxide into the support coating, or the use of atternatrve support materials such as a-alu- 

30 mina, silica and titania, which are sulfation-resistant materials. Further, as is known, the oxidation of SO2 to SO3 also 
adds to the particulates in the exhaust by forming condensible sulfur compounds. such as sulfuric acid, which condense 
upon, and thereby add to, the mass of particulates. 

[0004] Generally, the prior art has attempted to deal with these problems by dispersing a suitable oxidation catalyst 
metal, such as one or more platinum group metals, upon a refractory metal oxide support which is resistant to sulfation. 
35 [0005] Examples of catalysts designed for the treatment of diesel exhaust fumes and soot include U.S. Patent 
4,849,399 to Joy et al dated July 18, 1989. This Patent discloses catalytic composites which incorporate sulfur-resistant 
refractory inorganic oxides selected from the group consisting of titania. zirconia. and alumina treated with titania and/or 
zirconia (see column 6. lines 62-68). 

[0006] U.S. Patent 4,759,918 to Homeier et al dated July 26. 1988 discloses catalysts for the treatment of diesel 
40 exhaust fumes and soot which incorporate sulfur-resistant refractory inorganic oxides selected from a group which 
Includes silica, alumina, and silica-alumina (see column 3, lines 16-27). 

[0007] EP-A-251 ,708 discloses certain catalysts of the type commonly referred to as "three-way conversion" ('TWC") 
catalysts, which catalyse simultaneously the oxidation of hydrocartx)ns, the oxidation of cari:>on monoxide and the 
reduction of nitrogen oxides. Such TWC catalysts find utility in the treatment of the exhaust gases from internal com- 

45 bustion engines fuelled by gasoline. The catalyst compositions with which this reference is concerned comprise a plat- 
inum-group metal catalytic conponent and an activated alumina that is stabilised against thermal degradation. Such a 
catalyst may be made by a method comprising the steps of applying a coating of activated alumina to a carrier sub- 
strate; calcining the resultant alumina-coated substrate to provide a calcined coating of activated alumina thereon; dis- 
persing one or more platinum group metal components on tiie activated alumina; thereafter dispersing a stabiliser- 

50 precursor on the calcined coating on the carrier; and calcining the coating having the stabilizer-precursor dispersed 
thereon. The catalytic component may be selected from platinum, palladium and rhodium, and the stabilizer-precursor 
may be selected from precursors of stabilizers selected from alkaline earth metal (e.g. barium) oxide, silicon dioxide, 
rare earth metal (e.g. lanthanum) oxide and a Group IVB metal (e.g. zirconium) oxide. There is no disclosure in EP-A- 
251 708 of a catalytic material that consists essentially of a combination of bulk ceria and a bulk alumina. Furthermore, 

55 it is clear from tiie disclosure of this reference that the catalytic function is provided by the platinum-group metal com- 
ponent: there is no disclosure or suggestion that the combination of ceria and alumina as such may be relied upon for 
catalytic activity. Moreover, there is no disclosure in tiiis reference of the use of a catalytic material consisting essentially 
of ceria and alumina to oxidize the volatile organic component of diesel exhaust gases. In addition, there is no disclo- 
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sure in this reference that a minor amount of a precious metal catalyst, in particular platinum or palladium, can be added 
to the ceria and alumina and will reduce the unwanted oxidation of SO2 to SO3. 

SUMMARY QF THE INVENTlOri 

5 

[0008] Generally, in accordance with the present invention, there is provided an oxidation catalyst conposition and a 
method for oxidizing oxidizeable components of a gas-borne stream, e.g.. for treating diesel engine exhaust in which at 
least a volatile organic fraction component (described below) of the diesel exhaust particulates is converted to innocu- 
ous materials, and in which gaseous HC and CO pollutants may also be similarly converted. The objectives of the 

10 invention are attained by an oxidation catalyst conprising a base metal oxide catalytic material consisting essentially of 
a mixture of high surface area ceria and high surface area alumina, which optionally may have dispersed thereon a low 
loading of platinum catalytic metal. The method of the invention is attained by flowing a gas-borne stream, e.g., a diesel 
engine exhaust, into contact under reaction conditions with a catalyst composition as described above. In the case of 
treating diesel exhaust, the exhaust may be contacted under reaction conditions with a catalyst composition which con- 

15 tains palladium instead of a low loading of platinum but is otherwise as described above. 

[0009] Specifically, in accordance with the present invention there is provided an oxidation catalyst composition which 
comprises a refractory carrier on which is disposed a coating of a ceria-alumina catalytic material consisting essentially 
of a combination of bulk ceria and bulk alumina each having a BET surface area of at least about 10 m^/g, preferably 
the alumina having a surfeice area of from about 25 m^/g to 200 m^/g and the ceria having a surface area of from about 

20 25 m^/g to 200 m^/g. ... 

[0010] In one embodiment of the invention, the ceria and alumina each comprises from about 5 to 95 percent, pref- 
erably from about 10 to 90 percent, more preferably from about 40 to 60 percent, by weight of the combination. 
[001 1 ] One aspect of the invention provides that the catalyst composition optionally further comprises a catalytically 
effective amount of platinum dispersed on the catalytic material in an amount not to exceed about 15 g/ft^ (530 g/m^] 

25 of the catalyst composition. For example, the platinum may be present in the amount of from about 0.1 to 15 g/ft^ (3.5 
to 530 g/vr?) of the composition, preferably from about 0.1 to 5 g/ft^ (3.5 to 1 77 g/rr?) of the composition. When the cat- 
alyst composition includes platinum, another aspect of the invention provides that at least a catalytically effective 
amount of the platinum is dispersed on the ceria. At least a catalytically effective amount of the platinum may also be 
dispersed on the alumina. Such dispersal of the platinum may be utilized whether the alumina and ceria are mixed in a 

30 single layer or are present in discrete layers of. respectively, ceria and alumina and. in the latter case, irrespective of 
which of the two layers is the top layer. 

[001 2] Still another aspect of the invention provides that the ceria comprises an aluminum-stabilized ceria. The alu- 
mina may also be stabilized against thermal degradation. The ceria and alumina may be combined as a mixture and 
the mixture deposited as a single layer coating on the refractory earner, or the ceria and alumina may be present in 

35 respective discrete siperinrposed layers of ceria and alumina. The ceria layer may be above or below the alumina layer. 
In accordance with the method of the present invention, there is provided a method of treating diesel engine exhaust 
containing a volatile organic fraction. The method includes contacting the exhaust with a catalyst composition com- 
prised of components as described above or with a catalyst composition comprised of components as described above 
but which optionally includes palladium instead of the optional platinum. Thus, the method includes contacting the gas- 

40 borne stream to be treated with a catalyst conposition comprising ceria and alumina as described above, and option- 
ally including platinum or palladium. When the optional palladium is employed in the corrposition, it may be present in 
the amount from about 0.1 to 200 g/Ft^ (3.5 to 706 g/m^). preferably in the amount of from about 20 to 120 g/fl? (706 to 
424 g/rr?), of the catalyst conposition. In accordance with the method of the present invention, contacting of the diesel 
exhaust with tiie catalyst composition is carried but at a temperature high enough to catalyze oxidation of at least some 

45 of the volatile organic fraction of the exhaust, for exanple, an inlet temperature of from about 100°C to 800°C. 

DERNmONS 

[001 3] As used herein and in the claims, the following terms shall have the indicated meanings. 
50 [001 4] The term "gas-borne stream" means a gaseous stream which niay contain non-gaseous components such as 

solid particulates and/or vapors, liquid mist or droplets, and/or solid particulates wetted by a liquid. 

[0015] The term "BET surface area" has its usual meaning of referring to the Brunauer, Emmett, Teller method for 

determining surface area by Ng adsorption. Unless otherwise specifically stated, all references herein to the surface 

area of a ceria, alumina or other conponent refer to the BET surface area. 
55 [001 6] The term "activated alumina" has its usual meaning of a high BET surface area alumina, comprising primarily 

one or rhore of y-. 6- and 5-aluminas (gamma, theta and delta). 

[001 7] The term "catalytically effective amount" means that the amount of material present is sufficient to affect the 
rate of reaction of the oxidation of pollutants in the exhaust being treated. 
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[001 8] The term "iniet temperature" shall mean the temperature of the exhaust, test gas or other stream being treated 
immediately prior to initial contact of the exhaust, test gas or other stream with the catalyst composition. 
[001 9] The term **cerla-alumina catalytic material" means a combination of ceria particles and alumina particles each 
having a BET surface area of at least about 10 m^/g. i.e., a combination of high surface area bulk ceria and high surface 

5 area bulk alumina, sometimes referred to as "activated alumina". 

[0020] Tlie term "combination" when used with reference to a combination of ceria and alumina includes combina- 
tions attained by mixtures or blends of ceria and alumina as well as superimposed discrete layers of ceria and alumina. 
[0021] The term "aluminum-stabilized ceria" means ceria which has been stabilized against thermal degradation by 
incorporation therein of an aluminum compound. A suitable technique is shown in U.S. Patent 4,714.694 of C.Z. Wan 

\o et al, in which ceria particles are impregnated with a liquid dispersion of an aluminum compound, e.g., an aqueous solu- 
tion of a soluble aluminum compound such as aluminum nitrate, aluminum chloride, aluminum oxychloride. aluminum 
acetate, etc. After drying and calcining the impregnated ceria in air at a temperature of, e.g., from about SOCC to 600''C 
for a period of 1/2 to 2 hours, the aluminum compound impregnated into the ceria particles is converted into an effective 
thermal stabilizer for the ceria. The term "aluminum-stabilized" is used for economy of expression although the alumi- 

is num is probably present in the ceria as a compound, presumably alumina, and not as elemental aluminum. 

[0022] Reference herein or in the claims to ceria or alumina being in "bulk" form means that the ceria or alumina is 
present as discrete particles (which may be, and usually are, of very small size, e.g., 10 to 20 microns (^lm) in diameter 
or even smaller) as opposed to having been dispersed in solution form into another component. For example, the ther- 
mal stabilization of ceria particles (bulk ceria) with alumina as described above with respect to U.S. Patent 4.714,694 

^ results in the alumina being dispersed into the ceria particles and does not provkie the dispersed alumina in "bulk" form, 
i.e., as discrete particles of alumina. 

[0023] The abbreviation "TQA" stands for thermogravimetric analysis which is rneasure of the weight change (e.g., 
loss) of a sample as a function of temperature and/or time. The abbreviation "DTA" stands for differential thermal anal- 
ysis which is measure of the amount of heat emitted (exotherm) or absorbed (endotherm) by a.sample as a function of 
25 temperature and/or time. 

BRIEF DESCRiPTION OF THE DRAWINGS 

[0024] 

Figure 1 is a plot of oxidation of SO2 to SO3 in a gas stream being treated with an oxidation catalyst, the degree of 
oxidation being plotted on the ordinate versus the platinum loading of the catalyst on the abscissa; 
Figure 2 is a plot similar to that of Figure 1 but showing the degree of HC oxidation on tiie ordinate versus platinum 
loading on the abscissa: 

35 Figure 3 is a perspective plot of oxkiation of SO2 to SO3 in a gas stream being treated with an oxidation catalyst, 
with tiie degree of oxidation indicated by the height of the vertical bars for three different sanpies, each containing 
0.5 g/ft^ (18 g/m^) of platinum and having different weight percentages of ceria in tiie ceria-alumina catalytic mate- 
rial; 

Figure 4 is a plot of a factor (DTA peak area) correlating combustion of engine lubricating oil (simulating the 
40 unburned lubricating oil in "VOF", described below) plotted on the ordinate versus tiie platinum content of a ceria- 
alumina washcoat used to catalyze the combustion of the lubricating oil plotted on tiie abscissa; and 
Figures 5 through 8 are plots showing various aspects of diesel engine exhaust treatment performance of three 
aged catalyst samples made in accordance with certain emtxxJiments of tiie present invention as a function of the 
operating temperature of the catalysts, as follows: Figure 5 shows tiie percentage conversion of the volatile organic 
45 fraction ("VOP); Figure 6 shows tiie percentage conversion of total particulate matter ("TPM") in the exhaust; Fig- 
ure 7 shows the gas phase conversion of hydrocarbons ("HC") and Figure 8 shows tiie gas phase conversion of 
carbon monoxkie ("CO")- 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS THEREOF 

50 

[0025] The present invention provides an oxidation catalyst composition which is effective for oxidizing oxidizeable 
conrponents of a gas-k)orne stream, for example, for treating diesel engine exhaust. In tiie latter case, the composition 
is particularly effective with regard to reducing tiie total particulates in the exhaust. The carbonaceous particulates 
("soot") component of diesel engine exhaust is, as is well-known, comprised of two major components. One corinponent 
55 Hs relatively dry carbonaceous particles and the otiier. usually referred to as a volatile organic fraction ("VOF"). is a mix- 
ture of high molecular weight hydrocarbons comprised of unburned and partially burned diesel fuel and lubricating oil. 
The volatile organic fraction is present in the diesel exhaust as either a vapor phase or a Iquid phase, or botii, depend- 
ing on tiie temperature of the exhaust. Generally, it is not feasible to attempt to remove or treat the dry. soiki carbona- 
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ceous particulates component of the total particulates by catalytic treatment, and it is the VOF component which can 
' be most effectively removed by conversion via utilization of an oxidation catalyst. Therefore, in order to reduce the total 
particulates discharged so as to meet present and impending Government regulations concerning maximum allowable 
total particulates, the volatile organic fraction, or at least a portion thereof, is oxidized to innocuous CO2 and H2O by 

5 being contacted with an oxidation catalyst under suitable reaction conditions. The required U.S. Government limits for 
1991 on HC, CO, nitrogen oxides ("NO^") and total particulate emissions ("TPM") in diesel engine exhaust have been 
largely met by suitable engine design modifications. For 1994 the HC. CO and NO^ limits remain unchanged from 1991 
standards but the upper limit on TPM will be reduced from the 1991 level of 0.25 grams per horsepower-hour ("g/HP- 
hr") to 0.10 g/HP-hr (0.93 to 0.037 g/MJ). Although the oxidation catalysts of the present invention, when employed as 

10 a diesel exhaust treatment catalyst, are primarily concerned with effectuating a reduction in total particulates, they are 
also capable, with the optional addition of platinum in limited amounts of providing the added advantage of also oxidiz- 
ing a portion of the HC and CO contained in the gaseous component of the diesel engine exhaust without promoting 
excessive oxidation of SO2 to SO3. The oxidation catalysts of the present invention avoid or reduce the unwanted side 
effect of promoting the oxidation of SO2 to SO3 which, as noted above, contributes to the particulates problem because 

IS the condensation of sulfuric acid and otiier sulfate condensibles which accumulate on, and add to, the mass of the par- 
ticulates in the exhaust. 

[0026] However, the oxidation catalysts of the present invention have utility for uses other than the treatment of diesel 
engine exhaust. Generally, the catalysts of the present invention are useful for oxidation of gas-borne oxidizeable com- 
ponents in engine exhausts generally, such as any application in which lubricating oils are discharged, e.g.. the exhaust 
20 of compressed natural gas engines, ethanol-fueled engines, compressors, gas turbines, etc. Many alternate-fueled 
engines such as compressed natural gas engines are built on diesel engine carcasses and therefore inherently dis- 
charge significant quantities of lubricating oil. 

[0027] In accordance with the teachings of the present invention it has been found, surprisingly, that the beneficial 
effect of oxidizing pollutants generally, and in particular of reducing diesel exhaust particulates emissions by oxidation 

25 of the volatile organic fraction thereof, can be attained by a mixture of high surface area, i.e., activated, alumina and a 
high surface area ceria, each having a BET surface area of 10 m^/g or higher. For purposes of illustration, the benefits 
of the present invention will be descrbed in detail below with respect Id the treatment of diesel engine exhaust. The 
basic and novel characteristics of the present invention are believed to reside in the use of the defined combination of 
ceria and alumina as an oxidation catalyst without the addition of metal catalytic components thereto, except as specif- 

30 ically othenwise defined in certain dependent claims. Preferably, the bulk ceria and the bulk alumina will each have a 
surface area of at least about 10 m^/g, preferably at least about 20 m^/g. For example, the bulk alumina may have a 
surface area of from about 120 to 180 m^/g and the bulk ceria may have a surface area of from about 70 to 150 m^/g. 
The fact that a catalyst composition which can serve as a diesel oxidation catalyst and which contains activated alumina 
as a major component thereof has proven to be successful is in itself surprising, in view of the consensus of the prior 

35 art that alumina, if used at all in diesel oxidation catalysts, must be a low surface area alumina (a-alumina) and/or be 
used in conjunction with suHate-resistant refractory metal oxides such as zirconia, titania or silica. It has nonetheless 
been found that, in accordance with the present invention, surprisingly, a combination of high surface area alumina and 
a high surface area ceria provides a catalytic material which effectively catalyzes the oxidation of the volatile organic 
fraction so as to provide a significant reduction in total particulates in diesel engine exhaust and exhibits good durability. 

40 that is, long life, both in laboratory and diesel engine tests. It should be noted that the prior art generally considers 
refractory base metal oxides used in diesel oxidation catalysts to be merely supports for the dispersal thereon of cata- " 
iytically active metals such as platinum group metals. In contrast, the present invention teaches that a ceria-alumina 
catalytic material comprising essentially only ceria and alumina of sufficiently high surface area (1 0 m^/g or higher), dis- 
persed on a suitable carrier, provides a durable and effective diesel oxidation catalyst. 

45 [0028] It has further been found that beneficial effects are attained by the optional incorporation of platinum in the 
catalyst composition, provided that the platinum is present at loadings much lower than those conventionally used in 
oxidation catalysts. It has been discovered that, most surprisingly, a limited quantity of platinum in the catalyst compo- 
sition actually reduces the undesirable oxidation of SO2 to SO3 relative to that encountered by using the ceria-alumina 
catalytic material alone, while nonetheless promoting some oxidation of CO and HC gaseous components of the diesel 

so exhaust The suppression of the oxidation of SO2 to SO3 by the addition of low loadings of platinum is a very surprising 
finding, given the powerful catalytic activity of platinum in promoting oxidation reactions generally Without wishing to be 
bound by any particular theory, it may be that the presence of a low loading of platinum on the ceria occupies some 

. , catalytic sites on the ceria, thereby moderating the tendency of ceria to promote the oxidation of SO2 to SO3. If the cat- 
alytic metal platinum is added to the catalytic composition, it serves to catalyze the oxidation of gas phase HC and CO 

55 pollutants as an added benefit. However, such catalytic metal is not heeded to supplement the action of the ceria-alu- 
mina catalytic material in reducing total particulate emissions. The platinum catalytic metal does not appear to play a 
role in contrdiing particulates, as indicated by. data discussed elsewhere herein, which show that the quantity of plati- 
num utilized does not significantly affect the rate of particulates conversion. 



5 



EP 0 614 399 B1 



'[0029] The catalysts of the present invention may take the form of a carrier or substrate, such as a monoiithic "hon- 
eycomb" structure (a body having a plurality of gas flow passages extending therethrough), on which is applied a coat- 
ing of the catalytic material corrprising a mixture of high surface area ceria and alumina and, optionally, a low loading 
platinum. As discussed below, discrete coatings of the ceria and alumina may be employed. 

5 

The Carrigr (SgbStrftte) 

[0030] The carrier used in this invention should be relatively inert with respect to the catalytic composition dispersed 
thereon. The preferred carriers are comprised of ceramic-like materials such as cordierite, a-alumlna, silicon nitride, zir- 
• 10 conia, mullite, spodumene. alumina-silica-magnesia or zirconium silicate, or of refractory metals such as stainless 
steel. The carriers are preferably of the type sometimes referred to as honeycomb or monolithic carriers, comprising a 
unitary cylindrical body having a plurality of fine, substantially parallel gas flow passages extending therethrough and 
connecting both end-faces of the carrier to provide a llow-through" type of carrier. Such monolithic carriers may contain 
up to about 700 or more flow channels ("cells") per square inch of cross section, although far fewer may be used. For 
IS example, the carrier may have from about 7 to 600, more usually from about 200 to 400, cells per square inch ("cpsi") 
(108.5 to 9 300. more usually 3 100 to 6 200. cells per dm^). 

[0031] While this discussion and the following examples relate to flcw-through type carrier substrates, wall-flow car- 
riers (filters) may also be used. Wall-flow carriers are generally similar in structure to flow-through carriers, with the dis- 
tinction that each channel is blocked at one end of the carrier body, with alternate channels blocked at opposite end- 
20 faces. Wall-flow carrier substrates and the support coatings deposited thereon are necessarily porous, as the exhaust 
.. must pass through the walls of the carrier in order to exit the carrier structure. 

The Catalytic Material 

25 [0032] The ceria-alumina catalytic material may be prepared in the form of an aqueous slurry of ceria and alumina 
particles, the particles optionally being impregnated with the platinum catalytic metal component if one is to be utilized. 
The slurry is then applied to the carrier, dried and calcined to form a catalytic material coating Owashcoat") thereon. 
Typically, the ceria and alumina particles are mixed with water and an acidifier such as acetic acid, nitric acid or sulfuric 
add, and ball milled to a desired particle size. 

30 [0033] The optional platinum catalytic metal component is, when used, preferably incorporated into the ceria particles 
or into the ceria and alumina particles. In such case, the ceria-alumina acts not only as a catalyst but also as a support 
for the optional platinum catalytic metal component. Such incorporation may be carried out after the ceria-alumina cat- 
alytic material is coated as a wash-coat onto a suitable carrier, by impregnating the coated earner with a solution of a 
suitable platinum compound, followed by drying and calcination. However, preferably, the ceria particles or both the 

35 ceria and alumina particles are impregnated with a suitable platinum compound before a coating of the ceria-alumina 
catalytic material is applied to the carrier. In either case, the optional platinum metal may be added to the ceria-alumina 
catalytic material as, e.g.. a solution of a soluble platinum compound, the solution serving to impregnate the ceria and 
alumina particles (or the ceria-alumina coating on the carrier), which may then be dried and the platinum fixed thereon. 
Fixing may be carried out by calcination or bfy treatment with hydrogen sulfide or by other known means, to render the 

40 metal in water-insolut>le form. 

[0034] Generally, the sluny of ceria and activated alumina particles, whether or not impregnated with the platinum 
compound solution, will be deposited upon the carrier substrate and dried and calcined to adhere the catalytic material 
to the carrier and, when the platinum compound is present, to revert the platinum compound to the elemental metal or 
its oxide. Suitable platinum compounds for use in the foregoing process include potassium platinum chloride, ammo- 

45 nium platinum thipcyanate, amine-solubilized platinum hydroxide and chloroplatinic acid, as is well-known in the art. 
During calcination, or at least during the initial phase of use of the catalyst, such compounds, if present, are converted 
into the catalytically active eleniental platinum metal or its oxide. 

[0035] When the catalytic material is applied as a thin coating to a suitable can-ier. such as described above, the pro- 
portions of ingredients are conventionally expressed as weight of material per unit volume of catalyst, as this measure 

so accommodates the presence of different sizes of catalyst conposition voids provided by different carrier wail thick- 
nesses, gas flow passages, etc. Grams per cubic inch ("g/in^") units (1 g/in^ = 61.024 g/dm^) are used to express the 
quantity of relatively plentiful components such as the ceria-alumina catalytic material, and grams per cubic foot ("g/ft^") 
units (1 g/ft^ = 35.315 g/m^) are used to express the quantity of the sparsely used ingredients, such as the platinum 
metal. For typical diesel exhaust applications, the ceria-alumina catalytic material of the present invention generally 

55 may comprise from about 0.25 to about 4.0 g/in^ (1 5 to 244 g/dm^). preferably from about 0.25 to about 3.0 g/in^ (1 5 to 
183 g/dm^) of the coated carrier substrate, optionally including from about 0 to 25 g/ft^ (0 to 883 g/m^). preferably from 
about 0 to 1 5 g/ft^ (0 to 530 g/m^) of platinum. 

[0036] Without wishing to be bound by a particular theory, applicants offer the following hypothesis to explairi the 
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superior performance, when used to treat diesel engine exhaust, of the ceria-alumina catalytic materials according to 
this invention. It is believed that diesel exhaust contains a significant proportion of gases or vapors which are close to 
their dew point, i.e., dose to condensing to a liquid, and thereby adding to the VOF portion of the particulates at the 
conditions obtaining in the exhaust pipe. These "potential particulates" condense in the ceria-alurnina catalytic materi- 

5 ats, their condensation being enhanced by a capillary condensation effect, a known phenomenon in which a capillary- 
like action facilitates condensation of oil vapors to liquid phase. The small pore size of the high surface area ceria-alu- 
mina catalytic material is believed to provide such capillary condensation action for the VOF. Generally, the higher the 
surface area of the ceria and alumina, the smaller is their pore size. As the exhaust temperature increases during 
increased work loads imposed on the diesel engine, the condensed hydrocart)on liquids (condensed VOF) are des- 

10 ortsed from the ceria-alumina catalytic material and volatilize, at which time the catalytic effect of the ceria-alumina cat- 
alytic material, which provides numerous acidic sites, is believed to enhance cracking and gas phase oxidation, i.e.. 
comtjustion. of the desorbed, re-volatilized hydro-carbon (VOF) vapors. Even if a proportion of the vapors re-volatilized 
from the condensate is not combusted, the cracking of heavy VOF components to lighter hydrocarbons reduces the 
total amount of condensibles, so that the total particulates output from the diesel engine is concomitantiy further 

IS reduced. In this latter regard, the ceria-alumina catalytic material is believed to act as a trap and a storage medium for 
condensed or condensible VOF during relatively cool phases of tiie exhaust, and releases the cracked VOF only upon 
re-volatilization thereof during relatively hot phases. The porous nature of the ceria-alumina catalytic material is also 
believed to promote rapid diffusion of tfie VOF throughout the washcoat structure, thereby facilitating relatively low tem- 
perature gasification and oxidation of the VOF upon increases in temperature of the catalyst during higher engine load 

20 (and tiierefore increased exhaust gas temperature) cycles. Data on aging show that the presence of sulfates does not 
significantiy adversely affect the capacity of the ceria-alumina catalytic material to reduce particulate emissions. 
[0037] Generally, otiier ingredients may be added to the catalyst composition of the present invention such as con- 
ventional thermal stabilizers for tiie alumina, e.g., rare earth metal oxides such as ceria. Thermal stabilization of high 
surface area ceria and alumina to militate against phase conversion to less catalytically effective low surface area forms 

25 is well-known in the art although thermal stabilization of alumina is not usually needed for diese! exhaust service. Such 
thermal stabilizers may be incorporated into the bulk ceria or into tiie bulk activated alumina, by impregnating 4he ceria 
(or alumina) particles with, e.g., a solution of a soluble compound of the stabilizer metal, for example, an aluminum 
nitrate solution in the case of stabilizing bulk ceria. Such impregnation is then followed by drying and calcining the 
impregnated ceria particles to convert the aluminum nitrate impregnated therein into alumina. 

30 [0038] - In addition, the catalyst compositions of the invention may contain otiier catalytic ingredients such as other, 
base metal promoters or the like. However, in one embodiment, the catalyst composition of the present invention con- 
sists essentially only of the high surface area ceria and high surface area alumina, preferably present in a weight pro- 
portion of 1.5:1 to 1:1.5. with or witiiout thermal stabilizers impregnated therein, and. optionally, limited amounts of 
platinum. With respect to the method aspect of tiie invention, the use of palladium in place of platinum is contemplated. 

35 

Examples and Data 

[0039] A catalyst composition in accordance with one embodiment of the invention, in which an optional alumina 
undercoat is provided beneath a coating of tiie ceria-alumina catalytic material having a platinum metal dispersed tiier- ' 
40 eon, was prepared as follows. 

Example 1 

[0040] A. An activated alumina undercoat slun-y is prepared by combining 1000 grams of activated alumina having a 
45 nominal BET surface area of 1 50 rrP/g with 50 cubic centimeters ("cc") of glacial acetic acid and 1 cc of an anti-fbamant 
sold under tiie frademark NOPCO NXZ in 1000 cc of deionized water. The ingredients are ball milled until an average 
particle size of at least 90 percent by volume of the particles having a diameter of not greater than 12 microns is 
attained. Cylindrical carriers comprising cordierite cylinders 6 inches (15.24 cm) long by 6 inches (15.24 cm) in diame- 
ter and having 400 gas flow passages per square inch of end face area (400 cpsi or 6 200 per dm^ are dipped into the 
50 slurry, excess slun-y is blown from the gas flow passages and tiie slurry-coated carriers are dried at IIO^'C and then 
calcined in air at 450°G for 1 hour to provide alumina-coated carriers. 

[0041] B. The ceria-alumina catalytic material is prepared by utilizing 1050 grams of tiie same activated alumina as 
used in Part A and 900 grams of aluminum-stabilized ceria having a BET surface area of 164 m^/g. The aluminum-sta- 
bilized ceria is attained by impregnating tiie ceria particles witii a solution of an aluminum compound such as aluminum 
55 nitrate followed by calcining, to provide an aluminum content in tiie ceria of 1.35 weight percent aluminum, based on 
the total weight of ceria witii the weight of aluminum calculated as tiie metal. Presumably, the aluminum is present as 
alurhina. One such method of preparing an aluminum-stabilized ceria is shown in U.S. Patent 4,71 4,694 issued Decem- 
ber 22, 1981 to C.Z. Wan et al. As is well-known, high surface area refractory oxides such as ceria are subject to loss. 
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of surface area and consequent reduction in catalytic efficiency upon prolonged exposure to high temperatures and 
other conditions of treating diesel exhausts. 

[0042] Aluminum-stabilized ceria is more resistant to such thermal degradation than is unstabilized cerla. As is also 
well-known, alumina may also be thermally stabilized, usually by a similar impregnation of the alumina with precursors 

5 of rare earth metal oxides such as ceria. However, thermal stabilization of the alumina is usually not necessary for the 
temperatures encountered in treating diesel engine exhaust. The high surface area ceria and high surface area alumina 
particles are placed in separate ball mills. A quantity of an amine-solubilized platinum hydroxide solution containing 
0.2894 grams of platinum, a quantity of monoethanolamine ("MEA"), 97.5 cc of glacial acetic add, 2.0 cc of an anti-fba- 
mant sold under the trademark NOPCO NXZ and about 1950 cc of deionized water are employed. About one-half the 

10 water and sufficient MEA to'adjust the pH to at least about 7 are placed in the ball mill containing the alumina which is 
milled to thoroughly blend the ingredients. Then, one-half of the platinum solution is added and ball milling is continued 
for about 5 minutes. Thereafter, about one-half the glacial acetic acid and anti-foamant are added and milling is contin- 
ued until a particle size of at least about 90 percent by weight of the particles having a diameter of less than about 12 
microns is attained. The same process is separately repeated with the aluminum-stabilized ceria, except that MEA is 

IS not employed, including t>all milling for mixing and to attain the same particle size of the ceria particles. The alumina 
, and ceria slurries are then blended together to form a slurry of alumina and ceria particles containing a platinum com- 
pound. The alumina-coated carrier obtained in Part A of ttiis Example 1 is dipped into the blended slurry, excess slurry 
is blown from the gas flow passages of the carrier, and the coated carrier is then dried and calcined in air at 450°C to 
provide a finished catalyst containing a coating of a ceria-alumina catalytic material having about 0.5 g/ft^ (18 g/m^) of 

20 platinum dispersed thereon. The catalytic material coating, sometimes referred to as a washcoat. inclusive of the plati- 
num content, comprises.atx>ut 1 .95 gfivP (1 1 9 g/dm^) of the catalyst composition, the catalytic material overlying an alu- 
mina undercoat which comprises about 1.00 gf\rP (61 g/6rrP) of the catalyst composition. Unless othenvise specified, 
catalyst samples in accordance with the present invention in subsequent Examples have the same type and loading of 
alumina undercoat and ceria-alumina catalytic material as a topcoat overlying the undercoat. 

25 [0043] Reference in the following TABLES, or elsewhere in this application, to a percentage conversion of constituents 
(rendered as "%C" in the TABLES) of the exhaust or test gas, means the percentage of such constituent initially present 
in the exhaust or test gas being treated which is converted to another species, e.g., the conversion to H2O and/or CO2 
of HC, CO and VOF. and the oxidation to SO3 of SOg. Thus, if an exhaust contains 10 volume percent CO and treatment 
of the exhaust results in an outlet gas containing 6 volume percent CO, a 40 percent conversion of the CO has been 

30 attained. Reference in the following Examples, or elsewhere in this application, to "space velocity" means the flow rate 
of exhaust or test gas flowed through a catalyst, expressed as volumes of exhaust or test gas per volume of catalyst per 
hour, calculated with the ^haust or test gas at standard conditions of temperature and pressure. 

35 

[0044] A series of sample catalysts was prepared generally in accordance with the procedures of Example 1 to pro- 
vide a series of five othenA/ise identical compositions containing a ceria-alumina catalytic material in accordance with 
the teachings of the present invention, having.various amounts of platinum dispersed thereon, including 0. 0.5, 1 .0, 2.0 
and 5.0 g/ft^ (0,.18, 35, 71 and 177 g/m^) of platinum. These catalyst samples comprised cores measuring 1.5 inches 

40 (3.81 cm) in diameter and 3.0 inches (7.62 cm) in length, cut from cordierite carriers 6 inches long and 6 inches in diam- 
eter, used, as in Example 1 . to make the catalysts of this Example 2. The resulting 400 cpsi (6200 cells/dm^ cordierite 
. sanrple cores contained a loading of 1 .95 g/in^ (1 1 9 g/dm^) of the ceria-alumina catalytic material overlying an alumina 
" undercoat present in the amount of 1.00 g/in^ (61 g/dm^), in addition to the specified loading of platinum metal dis- 
persed on the ceria-alumina catalytic material. The test catalysts were aged for 1 0 hours at 500°C by having a mixture 

45 of 1 0 percent steam in air flowed through them. A test gas was contacted with each of these aged catalysts in a series 
of tests at a space velocity of 50.000 and inlet temperature of, respectively, 275*'C. 350*'C. 425*0 and 500^*0 The test 
gas had a composition of 10 percent steam. 10 percent oxygen. 4.5 percent COg, 1000 ppm NO. 28.6 ppm heptane. 
200 ppm CO, 50 ppm SOg. balance nitrogen. All percents are volume percent and "ppm" means parts per million by 
volume. Measurements were taken to determine the amount of oxidation of SO2 to SO3. The results of these tests are 

'so tabulated in TABLE! below and plotted in Rgurel. 



55 
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TABLE I 



Inlet Gas Temp. pC) 


Platinum Loading 


%C» SO2 


%C«HC 


%C»CO 


275 


0 


8.0 


0.0 


0.0 


275 


0.5 


0.0 


2.4 


30 5 


275 


1.0 


6.1 


0 0 


7d (% 


275 


2.0 


16.0 


10.0 


99.0 


275 


5.0 


30.6 


20.2 


99.5 


350 




8.0 


0 0 


5 Q 


350 


n 5 


d 0 




Rfi 3 


350 


1 0 


17 fi 
1 f .0 


•^1 7 


Q7 Q 






91 R 


Of .0 


100 


350 


5 0 


30.0 




100 


dP5 


0 


1? n 




10 


425 


0.5 


11.8 


31.6 


84.3 


.425 


1.0 


25.5 


66.6 


96.4 


425 


2.0 


33.3 


90.5 


100 


425 


5.0 


48.0 


91.9 


100 


500 


0 


20.0 


9.3 


9.3 


500 


0.5 


12.0 


47.4 


84.8 


500 


1.0 


28.8 


80.5 


98.5 


500 


2.0 


35.3 


83.1 


99.5 


500 


5.0 


62,0 


88.0 


100 



^ "%C" means the percentage conversion of the indicated constituent. 
*'lg/fl^ = 35.315g/m2 



[0045] The data of TABLE I, and the plot thereof in Figure 1, clearly show that the ceria-alumina catalytic material 

40 containing no platinum in each case provided, at each temperature level tested, a somewhat higher degree of conver- 
sion of SO2 to SO3 than did the othenwise identical ceria-alumina catalyst containing 0.5 g/ft^ (18 g/m^) of platinum. As 
the platinum loading was increased to 1 .0 g/ft^ (35 g/m^). at each temperature level, the degree of undesired conversion 
of SO2 to SO3 increased as compared to the versions containing no or only 0.5 g/ft^ (18 Q/vrP). Further Increases in 
platinum loading to 2 and 5 g/ft^ (71 and 177 g/m^) further increased, as one would expect, the oxidation of SO2. What 

45 is very surprising is the fact, clearly shown in Figure 1 and the data of TABLE I, that the ceria-alumina catalytic material 
containing 0.5 g/ft^ (177 g/m^) of platinum dispersed thereon demonstrated less conversion of SO2 to SO3 than did the 
ceria-alumina catalytic material containing no platinum metal thereon. As noted above, it is believed that the presence 
of a low loading of platinum on the ceria may occupy some catalytic sites which otherwise are highly effective in pro- 
moting the oxidation of SO2 to SO3. 

50 [0046] Figure 2 shows the corresponding conversion of hydro-carbons in the test gas at the various temperature lev- 
els tested. The HC and CO conversion data of TABLE I, and the plot of the HC conversion data of.TABLE I in Figure 2, 
show the expected result that as the content of platinum metal increases the degree of conversion of HC and CO like- 
wise increases. As discussed elsewhere herein, because of successful modifications in diesel engine design, catalytic 
treatment of diesel exhaust may not be necessary in order to attain reductions in HC and CO to meet U.S. Government 

55 standards, because the modified engines have reduced the output of HC and CO to below that of the cun^ent and 
impending U.S. Government standards. Nonetheless, the inclusion of platinum, at least at a loading of not more than 
about 1 g/ft^ (35 Q/m\ preferably at from about 0.1 to 0.8 g/ft^ (3.5 to 28 g/m^), more preferably at about 0.5 g/ft^ (18 
g/m^). is seen to have a beneficial effect on reducing the amount of oxidation of SO2 to SO3. Thus limited, the addition 
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of platinum is seen to reduce SO2 oxidation and thereby ameliorate particulates emissions. The addition of platinum 
also provides a beneficial added effect of further reducing HC and CO emissions. 

[0047] It will be apipreciated that in some cases it may be desired or necessary to significantly reduce HC and/or CO 
emissions and, in order to do so, the addition of moderate amounts of platinum, not more tiian 15 g/ft^ (530 g/m^). pref- 
5 erably not more than 5 g/ft^ (1 77 Q/rrP), and most preferably not more than 2 g/ft^ (71 g/m^), may be desirable despite 
the concomitant increase in SO2 oxidation at additions of significantiy more than 0.5 g/ft^ (18 g/m^). 

Examples 

10 [0048] A series of test catalysts was prepared generally in accordance with the procedure outlined in Example 1 to 
provide three samples, each comprising an alumina undercoat at a loading of 1.0 g/in^ (61 g/dm^) upon which was 
coated a topcoat layer comprised of a ceria-alumina catalytic material containing ceria and alumina in proportions of 
46.2 weight percent aluminum-stabilized ceria and 53:8 weight percent alumina, and having dispersed thereon 0.5 g/ft^ 
(18 g/m^) of platinum. The ceria-alumina topcoat layer was present in the amount of 1 .95 g/in^ (119 g/dm^). The ceria 

IS had a surface area of about 1 64 m^/g and the alumina had a surface area of about 1 50 m^/g. One sample, designated 
S-3Ce, has the platinum dispersed only on the ceria component of tfie catalytic material, a second sample designated 
S-3 has equal amounts of the platinum dispersed on the ceria and the alumina components of tiie ceria-alumina cata- 
lytic material, and tiie tfiird sample, designated S-3AI, has the platinum disposed entirely on the alumina conponent of 
the ceria-alumina catalytic material. The three catalyst samples were tiien tested for HC, CO and SO2 conversion at 

20 350°C and a space velocity of 90.000. The results are shown in TABLE H below. 



TABLE II 



2S 



Sample 


%C^CO 


%C^HC 


%C*» SO2 


S-3Ce 


80.2 


37.5 


4.1 


S-3 


49.3 


7.55 


4.6 


S-3AI 


94.9 


56.5 


8.0 



30 ^ -%C" means the percentage conversion of the 

indicated constituent. 



[0049] The data of TABLE II clearly indicate ttiat the platinum is a more effective oxidation catalyst for HC and CO 
35 when dispersed on tiie alumina (S-3AI) as compared to when it is dispersed on the ceria (S-3Ce) and is much more 
effective in this regard tiian is tiie S-3 sample, wherein tiie platinum is dispersed equally on each of the ceria and alu- 
mina components. Overall, the best results were obtained with the S-3Ce sample in which fairly high levels of desired 
conversion of CO and HC were attained and the lowest level (4.1%) of tiie undesired oxidation of SO2 to SO3 was also 
attained. S-3 catalyst provided significant, but lesser, conversions of CO and HC and only slightly more (4.6%) of the 
40 undesired oxidation of SO2 tiian did S-3Ce. but was much better in terms of less promotion of oxidation of SO2 tiian 
was tiie S-3AI sample (8.0%). TABLE II tiius demonstrates the desirability of dispersing all or at least a part of the plat- 
inum metal component on tiie ceria component of the ceria-alumina catalytic material. 

Example 4 

45 

[0050] A series of catalyst samples was prepared generally according to tiie procedures of Example 1 to provide an 
alumina undercoat at a loading of 1 .0 g/in^ (61 g/dm^) on which a metal oxide topcoat was coated. In tiie case of com- 
parative sample Comp.1 . ttie topcoat contained no ceria. the topcoat of comparative sample Comp.2 contained no alu- 
mina, and. in a tiiird sample in accordance with the present invention, S:3, tiie topcoat comprised a ceria-alumina 

50 catalytic material containing 46.2 percent ceria and 53.8 weight percent alumina. Each of tiie samples contained 0.5 
g/ft^ (18 g/vr?) of platinum and had a topcoat loading of about 1 .95 g/in^ (119 g/dm^), inclusive of the platinum. In all 
cases the ceria had a surface area of 1 64 m^/g and the alumina had a surface area of 1 50 m^/g. The samples were 
tested with tfie same test gas as described in Example 2 at 275'*C, 350°C, 425°C and 500*'C, and tiie conversion of HC, 
CO and oxidation of SO2 to SO3 at a space velocity of 50,000 was measured. The results of these tests are summarized 

55 in TABLE III. 
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TABLE III 



5 



10 



IS 



Inlet Gas TenriD 

-II lid \iia9 idiii^* ^ 


Samnle No 

waiii|/iv ivwb 


%CS02 


%C HO 


%cco 


275 


ComD 1 


16.3 


10.0 


96.6 


275 


S-3 


0.0 


2.4 


30.5 


275 




10.2 


0.0 


9.4 


350 


Comp.1 


18.9 


86.5 


99.6 


350 


S-3 


4.0 


9.8 


68.3 


350 


Comp.2 


12.2 


6.5 


63.1 


425 


Comp.1 


35.5 


90.5 


99.9 


425 


S-3 


11.8 


31.6 


84.3 


425 


Comp.2 


22.4 


18.2 


70.4 


500 


Comp.1 


42.2 


83.7 


99.7 


500 


S-3 


12.0 


47.4 


84.8 


500 


Comp.2 


32.0 


31.6 


61:0 



[0051 ] The data of TABLE III indicate the conversion of hydro-cartx)ns (HC) was highest for sample Comp. 1 , contain- 
25 ing 1 00 percent alumina and no ceria. and lowest for sample Comp.2, containing 1 00 percent ceria and no alumina. The 
catalyst In accordance with the present invention, S-3, provided intermediate levels of conversion of HC. Comparable 
results were obtained for conversion cf CO at all temperature levels. The results of TABLE IN concerning the conversion 
of SO2 to SO3 are shown in the perspective-view plot of Rgure 3 from which it is readily seen that at each temperature 
level tested a lower degree of conversion of SO2 was attained by the S-3 sample in accordance with an embodiment of 
30 the present invention, than was attained with either the 1 00 percent alumina (Comp.1 ) version or the 1 00 percent ceria 
(Comp.2) version. These data demonstrate that utilizing a ceria-alumina catalytic material in accordance with the 
present invention reduces the oxidation of SO2 as compared to either a 100 percent ceria or 100 percent alumina cat- 
alyst containing 0.5 g/ft^ (1 8 g/rrp) of platinum. 

[0052] A series of catalyst compositions was prepared In order to test catalyst compositions In accordance with the 
35 present invention against comparative catalyst compositions containing various refractory metal oxides and catalytic 
metals. These catalysts were tested both on a laboratory diagnostic reactor and on diesel engines. The two test 
engines employed were a Cummins 6BT engine, rated at 190 horsepower and having a 5.9 liter displacement and a 
Caterpillar 3176 engine, rated at 325 horsepower (242 kW) and having a 10.3 liter displacement. The operating char- 
acteristics of these two engines are shown in TABLE IV based on the operating cycle used to test the catalyst compo- 
40 sition samples. 
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TABLE IV 



10 



Temperature 


Caterpillar 3176 Temp. 
Cycle" 


Cummins 6BT Temp. 
Cycle" 


lesfi than 100 


0 




0 


inn onn 


0 




62.6 




57.3 




36.7 


300-400 


30.9 




0.7 


400-500 


11.8 




0 


Mayimum Temnpraturp (^C^V 


475. 




305 




g/HP-hr** 




g/HP-hH* 




Particulates: 










VOF 


0.036 




21.6 


0.066 


38.4 


Sulfate 


0.005 




3.1 


0.003 


2.0 


Cartjon/Other^ 


0.127 




75.3 


0.103 


59.6 


Totals 


0.168 




100.0 


0.172 


100.0 


Gas Phase: 










HC 


0.123 






0.300 




CO 


3.48 






1.50 




NO, 


5.06 






4.34 





^ Percentage of cycle time at which the inlet exhaust to the catalyst lies within the indicated tem- 
perature range 

^ "g/HP-hr = grams per brake horsepower-hour of component emitted in exhaust (1 g/hp-hr - 
0.373 g/MJ) 

^ Weight percentage of total particulates provided by the indicated constituent 
^ 'Carbon/Other* values are calculated by difference between the measured VOF and sulfate 
components of the exhaust and the total exhaust particulates. Cartx)n/Other comprises the dry. 
solid cart)onaceous content of the particulates plus any water associated with the sulfates. Any 
measurement errors will affect the "Carbon/Other" value. 



40 [0053] As shown in TABLE IV. the Cummins engine runs with a cooler exhaust than does the Caterpillar engine and 
the total engine emissions are roughly conparable although the Cummins engine runs richer in the volatile organic frac- 
tion (VOF) which is the component most effectively treated by tiie diesel oxidation catalyst of the present invention. 

Example 5 

45 

[0054] A series of catalyst samples was prepared generally by the method disclosed in Example 1 including two cat* 
alysts» designated samples S-3 and S-3B, comprising embodiments of ttie present Invention and made exactly in 
accordance with Example 1 except that for sample S-3B palladium was substituted for platinum by using palladium 
nitrate as the source of the catalytic metal. Samples S-3 and S-3B each had an alumina undercoat at a loading of 1 .0 

so g/in^ (6V g/dm^) and a topcoat of tiie ceria-alumina coating at a loading of 1 .95 g/in^ (119 g/dm^). A series of compar- 
ative catalysts designated Comp.4, Comp.4M, Comp.4B. Comp.7, Comp.2.3, Comp.6 and Comp.5 were made by pro- 
cedures comparable to those used in Example 1 , with the following differences. The comparative catalysts were made 
without an alumina undercoat and, of course, using different refractory metal oxides as indicated by their respective 
compositions. For the samples containing niobia-silica (Comp.4. 4M. 4B and 7) the niobia was provided by dissolving 

55 niobium oxalate in tiie coating sluny. Further, the foamed a-alumina (TAA") of Comp.2.3 and the silica of other com- 
parative samples were not ball milled but were dry-jet milled and then incorporated into the coating step by use of a high 
speed intensive mixer. The vanadia-titania of sample Comp.6 was incorporated into a sluny containing palladium nitrate 
as the catalytic metal source. 
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[0055] The silica employed in each case except Comp.2.3 was an extremely porous silica designated PQ-1 022 by its 
manufacturer. PQ Corporation. The PQ-1 022 silica has a porosity of 1.26 cc/g pore volume comprised of pores having 
a radius of from about 10 to 300 Angstroms (1 to 30 nm). and a surface area of 225 m^/g. The high porosity of the silica 
accounts for the relatively low weight loadings of the silica-containing washcoats. A silica sol was used for the Cpmp. 
5 2.3 sample as described in footnote c of TABLE V. Each of these catalysts, the general conposition of which is set forth 
in TABLE V, was prepared as a slun-y of the refractory metal oxide or oxides indicated in TABLE V which had been 
impregnated with the specified loading of catalytic metal and then coated onto 400 cpsi (6200 cells/dm^) cylindrical 
cordierite honeycomb carriers manufactured by NGK and measuring 9 inches (22.86 cm) in diameter by 6 Inches (1 5.24 
cm) in length, providing a catalyst volume of 6.25 liters. 

10 



TABLE V 





Catalyst Sample 


Washcoat 


Metal 


Metal Loading (g/ft^* 


Hours Aged 


IS 










24 


100 




S-3 


Ceria-Alumina 


Pt 


0.5 


X 


X 




Comp.4 


Niobia-Silica® 


Pd 


50.0 


X 


X 




Comp.4M 


Niobia-Silica® 


Pd-Pt 


25-5 


X 


X 


20 


S-3B. 


Ceria-Alumlna 


Pd 


50.0 


X 


X 




r Comp.4B 


Niobla-Silica^ 


R 


0.5 


X 






Comp.7 


MnO;Niobia-Silica^ 


Pt 


2.2 


X 




25 


Comp.2.3*^ 


Silica-FAA^ 


Pt 


2.2 


X 






Comp.6 


Vanadia-Titania® 


Pd 


27 


X 


X 



* The niobia-silica sample catalysts (Comp.4. 4M and 4B) had washcoats comprised of 1 0 percent by 
weight niobia and 90 percent by weight silica, wHh a total washcoat loading of 0.8 g/in^ (49 g/dm^). 
^ The MnOniobia-sifica sample catalyst (Comp.7) had a washcoat comprised of 90 percent by weight 
silica, 4 percent by weight niobia and 6 percent by weight MnO, with a total washcoat loading of 0.6 
g/in^ (37 g/dm^). 



^ The silica-foamed a-alumina sample catalyst {Comp.2.3) had a washcoat comprised of 10 percent 
by weight silica sol binder and 90 percent by weight of foamed a-alumina ("FAA"), with a total wash- 
coat loading of 0.6 g/in^ (37 g/dm^. The a-alumina has a porosity of 0.0439 cc/g pore volume com- 
35 prised of poreshaving a radius of from about 1 0 to 300 Angstroms (1 to 30 nm). and a surface area of 

20.3 m^/g. 

^ "FAA" s foamed a-alumina 

® The vanadia-titania sample catalyst (Comp.6) had a washcoat comprised of 4 percent by weight 
vanadia and 96 percent by weight titania, with a total washcoat' toading of 1 .8 QfirP (1 1 0 gAJm^. 
^ ' 1 g/ft^ = 35.315 g/m^ 

[0056] All eight sample catalysts were evaluated on the Cummins 6BT engine enptoying the U.S. Transient Cycle 
(commonly, and sometimes hereinbelow, referred to as the "Federal Test Procedure" or ••FTP^. A description of the U.S. 
Transient Cycle is set forth in the Code of Federal Regulations, Title 40. Chapter 1 , Subpart N, Paragraphs 86:1310-88 

45 and 86: 1 31 2-88, Appendix 1(f)(2). The catalyst volume-to-engine displacemerrt ratio was 1 .06. The catalysts were eval- 
uated for fresh activity (after 24 hours aging) following which the five indicated sanrples were aged for 1 00 hours and 
further evaluated. All catalysts were aged on a 1986 Cummins NTC dtesel engine rated at 400 horsepower (298 kW) 
and having a 14.0 liter displacement The aging cycle employed flowed the engine exhaust through three catalysts of 
6.25 liter volume each, simultaneously and in parallel, with the engine load adjusted to provide fifteen minute cycles dur- 

50 ing which the exhaust attained inlet temperatures as follows for the indicated amount of time: 

330 - 400°C for 1 4% of the time, 
400 - 500**C'for 22% of the time, 
500 - SSO'^C for 50% of the time, and 
55 550-565'^Cfbr 14%ofthetime. 

. [0057] The S-3 and S-3B sanples each contain 46.2 weight percent aluminum-stabilized ceria and 53.8 weight per- 
cent alumina. 
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[0058] TABLE VI shows the results of the fresh (aged 24 hours) catalyst samples tested under the Federal Test Pro- 
cedure on the Cummins 6BT engine with all recorded exhaust emissions being given in grams per brake horsepower- 
hour (1 g/hp-hr = 0.373 g/MJ). All emissions are measured quantities except for "Cartx)n + Other" which is calculated 
by difference. The measured values are the average of four different runs conducted under the Federal Test Procedure 

5 which were earned out over the space of two days in order to account for day-to-day variations. TABLE VI also shows 
the base line values of the diesel exhaust operated without catalytic treatment over an average of 24 runs. The differ- 
ence between the runs carried out without catalytic treatment and the runs carried out using the various catalyst sam- 
ples were utilized to calculate the percent conversion of each of the emissions components. The percent conversion is 
the percentage of the emissions contained in the untreated exhaust which were converted to innocuous components 

10 by utilization of the catalyst sanples. The abbreviation TPM" is used for "total particulate matter". 



TABLE VI 



IS 



25 



35 



45 



SO 



Catalyst Sample 


HC 


CO 


NOx 


TPM 


VOF 


Sulfate 


Carbon + Other 


None - Untreated engine exhaust 


Grams" 


0.299 


1.5 


4.34 


0.172 


0.0611 


0.0034 


0.108 


S-3 


Grams* 


0.188 


1.11 


4.3 


0.118 


0.0256 


0.0016 


0.0908 


%C'' 


37.4 


26 


0.96 


31.7 


58.1 


53.1 


15.9 


Comp.4 


Grams 


0.198 


1.28 


4.22 


0.123 


0.0272 


0.0022 


0.0936 


%C 


34.1 


14.9 


2.7 


28.8 


55.4 


37 


13.3 


Comp.4M 


Grams 


0.213 


1.34 


4.22 


0.123 


0.0302 


0.0025 


0.0903 


%C 


29.1 


11 


2.8 


28.8 


50.6 


28.2 


16.4 


S-3B 


Grams 


0.155 


1.31 


4.31 


0.118 


0.0258 


0.0025 


0.0897 


%C 


48.3 


13 


0.73 


31.7 


57.7 


26 


16.9 


Comp.4B 


Grams 


0.208 


1.17 


4.27 


0.128 


0.0359 


0.0033 


0.0888 


%C 


30.7 


22.2 


1.5 


25.9 


41.2 


4.8 


17.8 


Comp.7 


•Grams 


0.198 


1.09 


4.31 


0.135 


0.0378 


0.0028 


0.0944 


%C 


34,1 


27.2 


0.79 


21.5 


38.1 


17.2 


12.6 


Comp.2.3 


Grams 


0.185 


1.09 


4.34 


0.135 


0.0306 


0.0049 


0.0995 


%C 


38.2 


27.5 


0.1 


21.5 


38.1 


-43.6 


7.9 


Comp.6 


Grams 


0.135 


1.51 


4.35 


0.118 


0.0255 


0.003 


0.0895 


%C 


54.9 


-0.3 


-0.25 


31.7 


58.3 


11.4 


17.1 



* Grams per brake horsepower-hour (1 g/hp-hr = 0.373 g/MJ) 

^ "%C" means the percentage conversion of the indicated constituent. A negative %C means the treated 
55 exhaust contained more of the constituent than did the untreated exhaust. 



[0059] The results tabulated in TABLE VI indicate that with respect to VOF conversion and total particulates conver- 
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sion, the best results were obtained by S*3, S-3B and Comp.6 catalysts, with the Comp.4 sample giving the next best . 
results. As to sulfate emissions, the Comp.2.3 sample exhibited sulfate emissions which were greater than those of the 
untreated exhaust, all the other samples tested giving at least some reduction in sulfates as compared to the untreated 
exhaust. This finding is consistent with the relatively low temperature of the Cummins 6BT engine. With respect to gas 
phase emissions (HC, CO and NOJ Comp.6, S-3B and Comp.5 gave the best HC reduction while Comp.2.3, Comp.7 . 
and S-3 gave the best CO conversion. There was little catalytic effect on NOx emissions as one would expect in the rel- 
atively oxygen-rich environment of a diesel exhaust 

Example 6 

[0060] As indicated in TABLE V, five of the catalysts tested were then aged to a total of 100 hours and re-evaluated 
on the Cummins 6BT engine. The results of the evaluation of the 100-hour aged samples are summarized in TABLE VII. 



TABLE VII 



Catalyst Sample 


HC 


CO 


NOx 


TPM 


VOF 


Sulfate 


Carbon + Other 


None - Untreated engine exhaust 


Grams* 


0.305 


1.55 


4.46 


0.179 


0.0675 


0.0039 


0.108 


S-3 ' 


Grams* 


0.188 


1.27 


4.31 


0.123 


0.0284 


0.0018 


0.0928 


%C'' 


38.4 


17.9 


3.3 


31.3 


57.9 


53.8 


14.1 


Comp.4 


Grams 


0.218 


1.47 


4.37 


0.128 


0.0327 


0.0023 


0.093 


%C 


28.5 


4.9 


1.9 


28.5 


51.6 


41 


13.9 


Comp.4M 


Grams • ' 


0.238 


1.49 


4.37 


0.13 


0.0349 


0.0031 


0.092 


%C 


22 


3.6 


1.9 


27.4 


48.3 


20.5 


14.8 


S-3B 


Grams 


0.175 


1.27 


4.38 


0.12 


0.0282 


0.0022 


0.0896 


%C 


42.6 


17.9 


1.7 


33 


58.2 


43.6 


17 


Comp.6 


Grams 


0.22 


1.69 


4.42 


0.14 


0.0308 


0.0042 


0.105 


%C 


27.9 


-9.3 


0.8 


21.6 


54.4 


-7.7 


2.8 



* Grams per brake horsepower-hour (1 g/hp-hr - 0.373 g/MJ) 

^ "%C" means the percentage conversion of the indicated constituent. A negative %C means the treated 
exhaust contained more of the constituent than did the untreated exhaust. 



[0061 ] Table Vli shows that the best results were attained by the S-3 and S-3B catalysts for both total particulate emis- 
sions and VOF conversion. With respect to HC reduction the best performance was shown by S-3B although the S-3 
catalyst proved to be the most stable, the results attained by the S-3 catalyst after 1 00 hours aging being actually better 
than those attained by the 24-hour aged S'3 sample. The S-3B catalyst exhibited improved CO conversion for the 100- 
hour aged catalyst as compared to the fresh (24-hour aged) catalyst. Note that the Comp.6 sample removed essentially 
no CO at 24 hours and became a net CO producer after being aged for 100 hours. The results of TABLE VI and VII 
clearly show that the catalyst compositions of the present invention, S-3 and S-3B, gave the best overall emissions con- 
trol and the best durability as evidenced by 100 hours of aging. 

Example 7 

[0062] In order to compare the effect of different catalytic metal loadings on the performance of catalysts in accord- 
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ance with the present invention, three sample catalysts in accordance with the present invention were prepared in 
accordance with the procedure of Example 1 . Thus, each catalyst comprised a cordierite 400 cpsi (6200 ceils/dm^ sub- 
strate containing 1 .95 g/in^ (1 1 9 g/dm^) of the ceria-alumina catalytic material of the invention. The ceria-alumina cat- 
alytic material contained 46.2 weight percent of aJuminum-stabilized ceria and 53.8 weight percent of activated alumina. 

5 Each catalyst had an alumina undercoat in the amount of 1.00 g/ft^ (35 g/m^) onto which the ceria-alumina catalytic 
material was coated. One sample, designated S-3.5Pt had 0.5 g/ft^ (35 g/m^) of platinum dispersed thereon, another 
sample, designated S-3.20Pt had 2.0 g/ft^ (71 g/m^) of platinum dispersed thereon and a third sample, designated S- 
3Pd had 50 g/ft^ (1 766 g/rr?) of palladium dispersed thereon. Each catalyst was tested under the Federal Test Proce- 
dure to treat an exhaust generated by a Cummins C-series 250 HP diesel engine having a displacement of 8 liters, so 

w that a catalyst volume-to-engine displacement ratio of 0.78 was utilized. The effectiveness of the sample catalyst was 
tested in the same manner as that of Example 6 and the results with respect to conversion of total particulates (TPM) 
and gaseous phase HC and CO are set forth in TABLE VIII. 



TABLE VIII 



Sample 


%C^ TPM 


%C® HC 


%C«CO 


S-3.5R 


47 


28 


7.5 


S-3.20Pt 


48 


. 69 


74 


S-3Pd 


48 


52 


35 



^ "%C" means the percentage conversion of the 
indicated constituent. 



25 

[0063] The data of TABLE VIII show that all three samples were nearly identical with respect to the percentage con- 
version of total particulates although the larger loadings of catalytic metal made a dramatic difference in the percentage 
conversions of the gaseous HC and CO. These results are consistent with the data of Example 6 and TABLE VII. from 
which it will be noted that S-3 and S-3B gave substantially similar results with respect to total particulates reduction in 
30 Spite of the fact that S-3 contains only 0.5 g/ft^ (18 g/rrp) of platinum and S-3B contains 50 gm^ (1766 g/m^) of palla- 
dium. The lack of pronounced effect on total particulate reduction between a catalyst containing 100 times more plati- 
num group metal than another, strongly suggests the irrelevancy of the presence of the catalytic metal insofar as total 
particulate reduction is concerned, and that particulate reduction is attained by the effect of ceria-alumina catalytic 
material. 

35 

Examples 

[0064] In order to further demonstrate the irrelevancy of the platinum metal loading insofar as catalytic activity of the 
ceria-alumina catalytic material with respect to total particulate reduction is concerned, a series of samples of catalytic 

40 material powder was prepared. This was done by utilizing the ceria-alumina washcoat material of Example 7 containing 
various quantities of platinum metal ranging from 0 to the equivalent of 5.0 g/ft^ (1 77 g/m^) of platinum if the washcoat 
were to be coated upon a 400 cpsi (6200 cells/dm^), NGK cordierite substrate. The resultant series of powders were 
each mixed with 10 weight percent'of a diesel engine lubricating oil, Cummins SAE-15W Premium Blue Diesel Engine 
Lube Oil, and the sample of the mixture was evaluated by simultaneous thermogravimetric analysis and differential ther- 

45 mal analysis (TGA/DTA) for combustion of the lubricating oil. It should be noted that unburned diesel engine lubricating 
oil constitutes a significant portion of the volatile organic fraction (VOF) of diesel exhaust particulate emissions and the 
efficacy of the ceria-alumina catalytic material in catalyzing combustion of the lubricating oil is a good indication of the 
effectiveness of the ceria-alumina catalytic material in catalyzing oxidation of VOF and. thereby, reduction of particulate 
emissions. Thermogravimetric analysis measures the weight gain or loss of a sample (indicating a chemical reaction 

so undergone by the sample) as a function of the temperature to which the sample is heated. Differential thermal analysis 
measures the amount of energy (heat) absorbed by the sample (indicating that the sample has undergone an endother- 
mic reaction) or liberated by the sample (indicating that the sample has undergone an exothermic reaction) as a func- 
tion of the temperature to which the sample is heated. Figure 4 is a plot of the results obtained by heating the mixture 
of catalytic material powder and lubricating oil in a temperature regime ranging from ambient temperature to 600°C and 

55 recording the TGA/DTA data. The DTA peak area was oonrected for the weight.change determined by the TGA so that 
the results attained are proportional to the amount of lubricating oil combusted, i.e.. to the effectiveness of the tested 
ceria-alumina. catalytic materials, which are identical except for tiie varying platinum metal loadings. The results 
attained are plotted in Rgure 4 wherein, despite some experimental scatter in the data points, the trend line indicates 



16 



EP 0 614 399 B1 

substantially no effect of the platinum content of the catalytic material insofar as lubricating oil combustion is concerned. 
Thus, about the same proportion of combustion was attained for the ceria^alumina catalytic material containing no plat- 
inum as for that containing incremental amounts of platinum up to and including the equivalent of 5 g/Ft^ (1 77 g/m^} on 
a 400 cpsi (6200 cells/dm?) carrier. 
5 ^ 
Example 8A 

[0065] An equivalent test of silica based and silica-niobia based refractory metal oxide powders on which varying 
amounts of platinum were dispersed was carried out. Those test results showed that the ceria-alumina catalytic mate- 
10 rial of the present invention provided better performance for lubricating oil combustion as measured by DTA and there- 
fore, by implicatioa for catalytic oxidation of VOF in diesel engine exhaust. 

Example 9 

75 [0066] S-3 and comparative Comp. 4 catalyst sanples were tested on the exhaust of the Caterpillar 3176 engine. As 
previously noted, this engine runs with a considerably hotter exhaust than the Cummins 6BT engine and test catalysts 
of the same size (9 inches (22.86 cm) by 6 inches (15.24 cm) providing a catalyst volume of 6.25 liters) were tested on 
this larger engine, providing a catalyst volume-to-engine displacement ratio of 0.607. S-3 and Comp.4 catalyst samples 
were aged for 50 hours on an aging cycle similar to that described in Example 5 but from a minimum of about SOO^'C to 

20 a maximum of about 530°C. 

[0067] The results of this test are shown in TABLE IX as the average of six hot-start runs in accordance with the Fed- 
eral Test Procedure. 



TABLE IX 



30 



Catalyst Sample 


HC 


CO 


NOx 


TPM 


VOF 


Sulfate 


Carbon + Other 


None - Untreated engine exhaust 


Grams® 


0.123 


3.48 


5.06. 


0.168 


0.0363 


0.0052 


0.1265 


S-3 


Grams* 


0.1566 


2.5 


4.95 


0.138 


0.0213 


0.0039 


0.1128 


%C^ 


54 


28.2 


2.2 


17.9 


41.3 


25 


10.8 


Comp.4 


Grams 


0.0833 


1.76 


5.02 


0.177 


0.017 


0.0217 


0.1383 


%C 


32.3 


20.7 


0.8 


-5.4 


53.2 


-317 


-9.3 



® Grams per brake horsepower-hour (1 g/hp-hr = 0.373 g/m^ 

^ "%C" means the percentage conversion of the indicated constituents. A negative %C means the treated 
exhaust contained more of the constituent than did the untreated exhaust. 



[0068] The results summarized in TABLE IX show that the S-3 catalyst reduced total particulate emissions by 1 7.9 
45 percent and VOF by 41 .3 percent whereas the Comp.4 sample, although it gave a higher VOF reduction at 53.2 per- 
cent, resulted in an increase of total particulate emissions, because of its very high sulfate make which resulted in sul- 
fate emissions 317 percent higher than those emitted in the untreated exhaust. The tendency of the Comp.4 sample to 
produce large amounts of sulfate in the hot exhaust environment of the Caterpillar 3176 engine stands in marked con- 
trast to the efficiency of the S-3 catalyst in attaining a 25 percent reduction in sulfate emissions and therefore an overall 
so reduction in total particulates. The fact that the S-3 catalyst exhibited lower total particulates and VOF removal levels 
on the Caterpillar 3176 engine than on the Cummins 6BT engine is attributable to the smaller catalyst volume relative 
to engine size encountered on the Caterpillar engine test and to the fact that the concentration of VOF, the component 
most vigorously treated by the catalyst, is some 40 percent lower in the exhaust of the Caterpillar engine than in the 
exhaust of the Cummins engine. 

55 

Example 10 

[0069] In order to compare the effect on conversion of SO2 to SO3. and thus sulfate-make of a catalysit. three oom- 
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parative samples, one of which (designated Comp.ll) is a oommercially available diese! exhaust catalyst, and each 
containing high platinum group metal loadings, were compared to a fourth sample comprising an embodiment of the 
present invention. Three sanrples. Comp.1, Comp.2 and S-3, were prepared generally in accordance with the proce- 
dure of Example 1 to coat cylindrical can-iers comprising 400 cpsi (6200 cells/dm^) cordierite cores measuring 1.5 

5 inches (3.81 cm) in diameter by 3 inches (7.62 cm) in length. The samples were aged for 10 hours at 500°C by having 
a mixture of 10 percent steam in air flowed through each sample. Conparative sample Comp.1 comprised 50 g/ft^ 
(1 766 g/rrP) of platinum disposed on an activated alumina carrier and comparative sample Comp.2 had a 50 g/ft^ (1 766 
g/m^) platinum group metal loading, the platinum group metal comprising platinum and rhodium in a 5:1 weight ratio dis- 
posed on a ceria-alumina catalytic material comprising 53.8 percent by weight alumina and 46.2 percent k>y weight alu- 

10 minum-stabilized ceria. The S-3 sample comprised, in accordance with one embodiment of the present invention, 0.5 
g/ft^ (18 g/m^) of platinum dispersed on a ceria-alumina catalytic materia! comprising 46.2 percent by weight aluminum- 
stabilized ceria and 53.8 percent by weight alumina with one-half the platinum metal dispersed on the aluminum-stabi- 
lized ceria and one-half the platinum metal dispersed on the alumina. The commercially available catalyst for diesel 
exhaust applications was analyzed and found to comprise a catalytic material dispersed on a honeycomb-type can-ier 

IS having 400 cells per square inch (6200 cells per dm^. The commercial catalyst contained at)out 50 gff^ (1 766 g/m^) of 
platinum dispersed on a support comprised primarily of titania, vanadia and alumina. A core 2.5 ihches (6.32 cm) long 
and 1 .5 inches (3.81 cm) In diameter was cut from the commercial catalyst and this comparative catalyst core was des- 
ignated as Cornp.1 1 . The four catalyst samples were tested at space velocities of 50,000 and 90,000 at temperatures 
of 275**C. 350°C. 425°C and 500°C. (In this Example 10 and in Example 1 1 below, the flow rate of the reaction gas was 

20 adjusted as necessary to compensate for the slight difference in catalyst volume so that each tested sample was eval- 
uated at the same space velocity.) Each sample was held at the indicated temperature forlO minutes during the eval- 
uation. The test gas used in the laboratory diagnostic unit comprised 1 0 percent steam, 1 0 percent oxygen, 4.5 percent 
CO2, 1 060 ppm NO, 28.57 ppm heptane (equivalent to 200 ppm hydrocarbons), 28.6 ppm CO, 50 ppm SO2, balance 
nitrogen. (The percents are volume percents and "ppm" means parts per million by volume.) The results of these eval- 

25 uatiohs are given in TABLE X. 



30 
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45 



50 
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TABLE X 



5 


Catalyst Sample/Inlet 
Temp. 


Percent Conversion at Indicated Space 
Velocity 






50,000 SV 


90,000 SV 






CO 


HC 


SO2 


CO 


HC 


SO2 


10 


Comp. 1 




275*»C 


99.5 


68.6 


56.9 


94.9 


52.4 


29.4 




350°C 


99.5 


83.0 


76.9 


96.5 


70.5 


58.5 




425*^0 


100 


87.4 


94.3 








IS 


500°C 


100 


89.0 


92.2 










Comp.2 




275°C 


100 


52.5 




98.5 


47.6 


8.0 


20 


350*»C 


99.0 


77.5 


11.8 


96.9 


61.7 


9.8 


425''C 


99.0 


84.2 


31.4 


96.0 


74.4 


23.5 




SOO^C 


98.1 


90.7 


47.1 


95.5 


73.2 


37.3 




Ck)mp.11 


25 


275"C 


97.1 


16.7 


ao 


84.7 


4.8 


2.0 




350*»C 


99.0 


54.5 


2.0 


93.0 


41.0 


2.0 




425«C 


99.5 


75.0 


23.6 


97.0 


63.2 


15.7 


30 


500»C 


99.5 


85.9 


54.9 


97.4 


73.2 


38.0 




S-3 




275*»C 


30.5 


2.4 


00 


10.9 


0.0 


0.0 




35(rC 


68.3 


9.8 


4.0 


52.4 


9:5 


0.0 


35 




84.3 


31.6 


11.8 


59.5 


24.3 


3.9 




500*»C. 


84.4 


47.4 


12.0 


60.0 


28.6 


4.1 



40 [0070] The data of TABLE X shows that the comparative samples GQmp.1 and Gonp.2 exhibit very high conversion 
of SO2 to SOa. and thus high sulfate make, even at the lowest test temperature of 275*^0 and high space velocity of 
90.000. Although comparative sample Comp.2,exhibits less sulfate make than Comp.1 (but significantly more than cat- 
alyst S-3, discussed below), this is believed to be due primarily to the modifying effect of rhodium on the SO2 oxidation 
activity of platinum. The Comp.2 catalyst has the economic disadvantage of being too costly because of the very high 

45 cost of rhodium even as compared to the cost of platinum. Both comparative samples Comp.1 and Comp.2 show high 
HC and CO conversion. S-3, the sample in accordance with an embodiment of the present invention, exhibits greatly 
reduced SO2 conversion relative to both Comp.1 and Comp.2 with practically no SO2 conversion occurring in the low 
temperature regime and with relatively small SO2 conversion even at the high temperature regime. Some activity for 
conversion of gaseous HC and CO is exhibited by catalyst S-3, especially at the high temperature regime where good 

50 CO and moderate HC activity is seen. The data of TABLE X thus clearly demonstrate that the utilization of a low plati- 
num loading on the ceria-alumina catalytic material of the present invention provides excellent control of SO2 oxidation 
and consequently excellent control of total particulates emission in a diesel engine exhaust. It should be noted that the 
diagnostic test is a very stringent test of sulfate oxidation as compared to actual engine performance. Experience has 
shown that a given catalyst will perform better with respect to sulfate oxidation in treating an actual diesel engine 

55 exhaust than it will in the diagnostic engine test. 

[0071] The comparative catalyst sarrple Comp.1 1 is seen to suppress SO2 oxidation in a manner comparak>le to that 
of sample S-3, but only up to a temperature between 350** and 425'C. At 425°C and higher temperatures the Comp.1 1 
sanple exhibits greatly increased SO2 oxidation as compared to the S-3 catalyst sample. Accordingly, the catalyst sam- 
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pie of the present invention, even with a 0.5 g/ft^ (18 g/m^) platinum loading, appears to be significantly better with 
respect to SO2 oxidation in higher temperature regimes than the commercial catalyst of Comp.11. The comparative 
samples Comp.1 , Comp.2 and Comp.1 1 all contain high platinum loadings and consequently show higher HC and CO 
conversion than does the 0.5 g^ (18 g/rn^) platinum S-3 catalyst sample. However, as pointed put elsewhere herein, 

5 HC and CO emissions generally satisfactorily controlled by engine design and the problem which the art is seeking to 
overcome is to control the total particulates emissions which, as noted above, is in part a function of sulfate make. The 
catalysts of the present invention, with no or a very low loading of platinum, show excellent activity for reducing total 
particulate emissions because of their unexpected good activity for oxidizing VOF and their low sulfate make. Further, > 
it is obviously economically advantageous to eliminate or drastically reduce tiie platinum metal loading in accordance 

w with the teachings of the present invention. 

Example 1 1 

[0072] A catalyst sample in accordance with an embodiment of the present invention was prepared and designated 
75 sample S-3P. Catalyst sample S-3P is identical to catalyst sample S-3 of Exanple 10 except that it contains a platinum 
loading of 2.0 g/ft^ (71 g/m^). The S-3P) catalyst sample was 3.0 inches (7.62 cm) long by 1 .5 inches (3.81 cm) in diam- 
eter. Catalyst S-3P was tested by passing therethrough a test gas in the same manner as described in Example 10 at 
space velocities of 50.000 and 90.000 at temperatures of 275''C. 350*'C. 425''C and SOO^'C. The results of this test are 
shown in TABLE XL ^ 

20 



TABLE XI 



25 



Catalyst Sample/lntet 
Temp. 


Percent Conversion at indicated Space 
Velocity 




50,000 SV 


90,000 SV 




CO 


HC 


SO2 


CO 


HC 


SO2 


S-3P 


275*^0 


99.0 


10.0 


16.0 


88.5 


2.6 


2.0 


350*»C 


100 


87.8 


21.6 


98.0 


74.1 


5.9 


425°C 


100 


90.5 


33.3 


98.5 


82.7 


19.2 


500°C 


99.5 


83.1 


35.3 


98.1 


73.3 


31.4 



[0073] TABLE XI shows, as would be expected, that the S-3P catalyst exhibits higher SO2 oxidation at all temperature 
levels and space velocities as compared to the 8-3 catalyst of Example 10 which contains 0.5 g/ft? (18 g/m^) of plati- 
num, one-fourth of tiie amount of platinum (2.0 g/ft^ (71 g/m^)) which S-3P contains. However, the S-3P sample also 
40 exhibited higher HC arid CO conversions, which shows that a modest increase in platinum loading, still keeping the total 
platinum loading to very low levels as compared to prior art catalysts, can accommodate a higher HC and CO conver- 
sion but at the potential cost of somewhat increased particulate emissions because of additional sulfate nnake. How- 
ever, in certain circumstances It may be desirat)le to attain the higher HC and CO conversions attainable with the 
catalyst of the present invention by a modest increase in platinum loading. 

45 

Ex?mplg12 

[0074] In order to evaluate the effect of ceria in the catalyst composition of the present Invention, a comparative sam- 
ple. Comp.1 of Example 4, was prepared generally In accordance with the procedure of Example 1 but omitting tine 

50 ceria component of tiie catalytic material. Thus, the resulting catalyst comprised an activated alumina washcoat having 
0.5 g/ft^ (18 Q/rr?) of platinum disposed thereon. This sample designated Comp.3C was subjected to the same test as 
in Examples 10 and 1 1 and the results thereof are summarized in TABLE XII and show that the SO2 conversion over 
this catalyst is significantiy greater than for the S-3 catalyst, especially at low temperatures. Higher conversions of HC 
and CO were also attained. This data clearly Indicate that the ceria plays an important modifying role in the oxidation 

55 activity of the platinum. 
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TABLE XII 





Catalyst Sample/Inlet 


Percent Conversion at Indicated Space 


5 


Temp. 






Velocity 










50,000 SV 


90,000 SV 






CO 


HC 


SO2 


CO 


HC 


SO2 


10 


Comp.SC 


275^C 


96.6 


10.0 


16.3 


85.4 


4.9 


4.6 




350°C 


99.6 


86.5 


18.9 


95.0 


57.4 


12.6 




425°C 


99.9 


90.5 


35.5 


98.1 


74.0 


33.7 


IS 


500»C 


99.7 


83.7 


42.2 


98.3 


74.0 


33.7 



ExamDle13 

so [0075] A catalyst was prepared in accordance with the present invention generally following the teachings of Example 
1 . except that no alumina undercoat was utilized. Thus, this sample comprised 1 .95 g/in^ (119 g/dm^) of a ceria-alumina 
catalytic material containing 46.2 weight percent aluminum-stabilized ceria (164 m^/g BET surlace area) and 53.8 
weight percent alumina (150 m^/g BET surface area) disposed directly upon the can-ler without an alumina undercoat, 
and having 0.5 g/ft^ (18 g/m^) of platinum dispersed thereon. This catalyst, designated S-3SC was aged and tested in 

2S the same manner as in Example 10 and the results thereof are shown in TABLE XIII. The performance of this sample 
is seen to be essentially the same as that of S-3 (Example 10, TABLE X) for the gas phase reactions, indicating that the 
presence of the alumina undercoat is not essential with respect to either low sulfate make or HC and CO oxidation. 



TABLE XI!! 



Catalyst Sample/Inlet 
Temp. 


Percent Conversion at Indicated Space 
Velocity 




50,000 SV 


90,000 SV 




CO 


HC 


SOz 


CO 


HC 


SO2 


S-3SC 


275°C 


25.4 


0.0 


2.0 


31.0 


0.0 


0.0 


350*»C 


71.9 


11.9 


5.9 


62.5 


15.8 


4.1 


'425*C 


85.6 


28.9 


9.8 


78.7 


29.3 


5.9 


500*»C 


86.3 


48.7 


20.4 


76.1 


42.5 


10.7 



45 Example 14 

[0076] A. Catalysts were prepared generally in accordance with the procedures of Example 1 to provide a series of 
three othenvise identical compositions containing a ceria-alumina catalytic material in accordance with the teachings of 
the present invention having platinum dispersed thereon, including 0.0, 0.5 and 2.0 g/ft® (0,18 and 71 g/m^) platinum. 

50 Each catalyst comprised a y-alumina undercoat at a loading of 1 .0 g/in^ (61 g/dm^) upon which was coated a top layer 
comprised of 1.05 g/in^ (64 g/dm^) y-a!umina plus 0.90 g/in^ (55 g/dm^) alumina-stabilized ceria (2.5 weight percent 
AI2O3 based on the comtsined weight of bulk ceria and alumina dispersed therein). The catalysts were coated onto a 9 
inch (22.86 cm) diameter by 6 inch (15.24 cm) long, 400 cpsi (6200 cel!s/dm^) cordierite substrate. The resulting cata- 
lyst samples were designated as S-4 (0.0 g/ft^ platinum, aged 24 hours). S-5 (0.5 g/ft^ (18 g/m^) platinum, aged 25 

55 hours) and S-6 (2.0 g/Ft^ (71 gfrrfi) platinum, aged 24 hours). 

[0077] B. The three catalyst samples were conditioned prior to evaluation using an aging cycle involving 20 minutes 
each at Modes 2,6 and 8 of the European 13 Mode Test Procedure (ECE R.49 Thirteen Mode Cycle). This Test Proce- 
dure is set forth in the Society of Automotive Engineers Pidbiication. SAE Paper #880715. published at the International 
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Congress and Exposition, Detroit. Michigan, February 29 through March 4. 1988, by Georgio M. Cornetti et al. Prior to 
testing to develop the data of TABLE XV and Figures 5-8. the three catalyst samples were aged 24 or 25 hours as indi- 
cated below on a Cummins 6BT turtxx:harged diesel engine having a 5.9 liter displacement and rated at 190 horse- 
power (142 kW). For both aging and test purposes, the engine was run with low sulfur fuel (0.05 weight percent sulfur) 
under steady state conditions using test modes selected from the aforesaid European 13 Mode Cycle Test Procedure. 
[0078] The engine conditions for the test modes along with average (for five runs) catalyst inlet tem|3eratures and 
baseline emissions (of untreated engine exhaust) are shown in TABLE XIV. 



TABLE XIV 



Cummins 6BT 190 HP (142 kW] Turbocharged Diesel Engine, 5.9 Liter 
Displacement, Conditions For Steady State Catalyst Tests 
Engine Conditions 


Test IMode No. 


rpm 


% Load 


Average Catalyst Inlet 
Temp. (*>C) 


8 


2515 


100 


571±2 


10 


2515 


50 


338±4 


6 


1609 


100 


549±5 


4 


1609 


50 


400±4 


2 


1560 


10 


214±3 


1 


803 


Low 


128±16 


Baseline Emissions - Untreated Exhaust 


Test Mode No. 


Average Emissions (g/bhp-hr)'* 




TPM 


SOF 


HC 


CO 


8 


0.097 


0.010 


0.122 


0.46 


10 


0.151 


0.047 


0.212 


0.68 


6 


0.221 


0.016 


0.099 


2.23 


4 


0.146 


0.023 


0.103 


0.52 


2 


0.265 


0.137 


0.541 


2.57 


1 




0.078 


1.04 


3.01 



grains per brake horsepower hour (1 g/hp-hr = 0.373 g/MJ) 



[0079] The conditioned and aged catalyst samples S-4, S-5 and S-6 were tested for conversion of entission compo* 
nents in diesel exhaust generated by the test engine used to generate the data of Table XIV, as a function of steady 
state test mode and catalyst Inlet tenrperature. i.e., the temperature of the diesel engine exhaust introduced to the cat- 
alyst. The results are summarized in TABLE XV. 
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TABLE XV 



■ 5 



IS 



Samnle/fPt Load afifi\^ 


Test Mode No 


Cat Inlat Temn 


% Removal 










TDM 
1 nIVI 


no 




S-4 (0.0) 


2 


209 




DO 


O 1 


1 
1 




10 


335 




97 
^ 1 


<19 


■7 




4 


399 


A9 


1 A 


oo 


ID 




A 


S47 








97 




8 


572 




* 1 0 1 


QQ 


-A 


S-S (Q S\ 


2 


P1S 


60 


45 


27 


6 




10 


343 


58 


28 


41 


63 




6 


549 


91 


-64 


56 


85 




8 


570 


80 


-201 


62 


45 


S-6(2.0) 


1 


127 


56 


52 


37 


-1 




2 


215 


61 


61 


39 


8 




10 


341 ' 


53 


31 


74 


86 




4 


397 


61 


22 


82 


87 




6 


554 


89 


-60 


78 


95 




8 


572 


79 


-200 


71 


70 



*1 g/H^ = 35.315 g/m^ 
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[0080] The data of TABLE XV show that all three catalysts are comparable in SOF removal performance as a function 
of temperature, with the catalyst containing no platinum (S-4) performing as well as the catalysts containing platinum 
(S-5 and S-6). 

[0081] With reference to TABLE XV ard Figures 5-8, it is seen that the SOF removal performance as a function of 
35 inlet temperature of the three catalysts are compared in Figure 5. As can be seen, all three samples are comparable 
across the tenrperature range of about 120 to 575'*C wHh the sample containing no platinum (S-4) performing as well 
as or better than, the piatinum-containing samples S-5 and S-6. 

[0082] The SOF. removal performance is also reflected in the total particulate (TPM) removal levels of the three cat- 
alysts which are compared in Figure 6. The platinum-free catalyst sample is comparable to, or better than, the platinum- 

40 containing catalyst samples S-5 and S-6 at all temperatures. Note also, all three catalyst samples make particulates at 
the highest temperatures of the test. This is due to suKate-make from the oxidation of gas phase SO2 to SOs. Thus, 
^en the platinum-free sample makes sulfete at extremely high temperatures, but apparently to a slightly lesser extent 
than the platinum-containing samples, reflecting the lower gas phase activity of the platinum-free sanple. 
[0083] The gas phase activity of the three catalyst samples are compared in Figures 7 and 8 for, respectively, hydro- 

45 carbon ("HC") and cart)on monoxide ("CO") gas phase conversions. Although the platinum-free sample S-4 exhibits 
some gas phase activity for HC and CO conversion, it is clear from these results that the platinum-containing samples 
S-5 and S-6 have substantially higher gas phase activity. This is espectally dear in the case of CO conversion. The plat- 
inum-free sample S-4 has some gas phase activity because the ceria component has activity as an oxidation catalyst. 
[0084] These results show quite well the surprising finding that a platinum-free catalyst in accordance with the present 

50 invention exhibits very good particulates removal from diesel engine exhaust because of its activity for the removal and 
combustion of VOF, and that the precious metal is not needed to accomplish this function. If there is a need to enhance 
gas phase HC and CO activity, this can be accomplished separately by adding a limited amount of platinum to the cat- 
alyst. 

55 Claims 

1 . An oxidation catalyst composition that comprises a refractory carrier on which is disposed a coating of a ceria-alu- 
. mina catalytic material consisting essentially of a contbination of bulk ceria having a BET surface area of at least . 
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1 0 m^/g and bulk alumina having a BET surfece area of at least 1 0 nn^/g. 

2. The catalyst composition of claim 1 wherein the cerla and alumina each comprises from 5 to 95 percent by weight 
of the combination. 

3. The catalyst composition of daim 1 wherein the ceria and alumina each comprises from 1 0 to 90 percent by weight 
of the combination. 

4. The catalyst composition of claim 1 wherein the ceria and alumina each comprises from 40 to 60 percent by weight 
of the combination. 

5. The catalyst composition of any of claims 1 to 4 wherein the ceria and the alumina are each disposed in respective 
discrete layers, one overlying the other. 

6. The catalyst composition of any of claims 1 to 5 wherein the ceria conrprises an aluminum-stabilized ceria. 

7. The catalyst composition of any of claims 1 to 6 wherein the ceria and the alumina each has a BET surface area of 
from 25 m^/g to 200 m^/g. 

8. The catalyst composition of any of claims 1 to 7 further comprising catalytically active platinum or palladium dis- 
persed on the catalytic material, the platinum or palladium being present in a moderate amount to limit or to reduce 
the oxidation of SO2 to SO3. 

9. The catalyst composition of claim 8 wherein the catalytic material has dispersed thereon a catalytically effective 
amount of platinum not exceeding 25 g/ft^ (883 g/m^) of the catalyst composition. 

10. The catalyst composition of claim 8 wherein the catalytic material has dispersed thereon a catalytically effective 
amount of platinum not exceeding 15 g/ft^ (530 gftr?) of the catalyst composition. 

11. The catalyst conposition of claim 8 further comprising platinum dispersed on the catalytic material, the platinum 
being present in the amount of from 0.1 to 15 g/fl^ (3.5 to 530 g/m^) of the composition. 

12. The catalyst composition of claim 1 1 wherein the platinum is present in the amount of from 0.1 to 5 g/ft^ (3.5 to 1 77 
g/m^) of the composition. 

13. The catalyst composition of claim 12 wherein there is from 0.1 to 1.0 g/ft^ (3.5 to 35 g/m^) of platinum. 

14. The catalyst composition of claim 8 further containing up to 0.5 g/ft^ (18 g/m^) of platinum dispersed on the catalytic 
material. 

15. The catalyst composition of claim 10 or 14 wherein there is from 0.1 to 0.5 g/ft^ (3.5 to 18 g/m^ of platinum. 

16. ' The catalyst composition of any of claims 8 to 15 wherein at least a catalytically effective amount of the platinum is 
dispersed'on the ceria. 

17. The catalyst composition of claim 16 wherein at least a catalytically effective amount of the platinum is dispersed 
on the alumina: 

18. The catalyst composition of claim 8 including palladium dispersed on the catalytic material, the palladium being 
present in the amount of from 0. 1 to 200 g/ft^ (3.5 to 7063 g/trP) of the composition. 

19. The catalyst composition of claim 18 wherein the palladium is present in the amount of from 20 to 120 g/ft^ (706 to 
4238 g/m^) of the composition. 

20. The catalyst composition of any of claims 1 to 19 for use in the purification of a gas-borne stream, for example, a 
diesel engine exhaust, and for oxidising volatile organic conrponents within the stream. 

21. A method for oxidising oxidizeable components of a gas-borne stream, which method comprises contacting the 
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stream with a catalyst composition at a temperature high enough to catalyze oxidation of at least some of the oxi- 
dizeable components, tiie catalyst composition comprising a catalytic material consisting essentially of a combina- 
tion of bulk ceria having a BET surface area of at least 10 m^/g and bulk alumina having a BET surface area of at 
least 10 m^/g. 

22, A method according to claim 21 wherein the gas-borne stream comprises a diesel engine exhaust stream contain- 
ing a volatile organic fraction, and wherein the stream is contacted with the catalyst composition at a temperature 
high enough to catalyze oxidation of at least some of the volatile organic fraction. 

. 23. The metiiod of claim 21 or claim 22 wherein each of the ceria and alumina comprises from 5 to 95 percent by 
weight of the combination. 

24. The method of claim 21 or claim 22 vyherein each of the ceria and alumina comprises from 10 to 90 percent by 
weight of the combination. 

25. . The method of claim 21 or claim 22 wherein each of the ceria and alumina conrprises from 40 to 60 percent by 
weight of the combination. 

26. The metiiod of any of claims 21 to 25 wherein ttie temperature of tiie exhaust initially contacted with the catalyst 
coirposition is from lOO^'C to SOO^'C. 

27. The method of any of claims 21 to 26 wherein tiie ceria and the alumina each has a BET surface area of from 25 
m^/g to 200 m^/g. 

28. The method of any of claims 21 to 27 wherein tiie ceria comprises aluminum-stabilized ceria. 

29. The method of any of claims 21 to 28 wherein the ceria and the alumina are each disposed in respective disaete 
layers, one overlying tiie other. 

30. The method of any of claims 21 to 29 wherein the catalyst composition further comprises catalytically active plati- 
num or palladium dispersed on the catalytic material, the platinum or palladium being present in a moderate 
amount to limit or to reduce the oxidation of SO2 to SO3. 

31. The metiiod according to claim 30 wherein tiie catalytic material has dispersed thereon a catalytically effective 
amount of platinum not exceeding 25 gffi? (883 g/rn^) of the catalyst conposition. 

32. The method of claim 30 further including platinum dispersed on the catalytic nraterial, tiie platinum being present 
in tiie amount of from 0. 1 to 1 5 g/ft^ (3.5 to 530 g/m^ of the composition. 

33. The method of claim 32 wherein the platinum is present in the amount of from 0. 1 to 5 g^^ (3.5 to 1 77 g/m^) of the 
composition. 

34. The method of claim 33 wherein there is from 0.1 to 1 .0 g/ft^ (3.5 to 35 g/rvp) of platinum. 

35. The method of claim 30 wherein the catalytic material has up to 0.5 g/ft^ (18 g/rvP) of platinum dispersed thereon. 

36. The method of claim 35 wherein the platinum is present in an amount of from 0.1 to 0.5 g/ft^ (3.5 to 18 g/m^) of the 
composition. 

37. The metiiod of claim 30 including palladium dispersed on the catalytic material, the palladium being present in the 
amount of from O.i to 200 g/ft^ (3.5 to 7063 g/nrr^) of the composition. 

38. The method of claim 36 wherein the palladium is present in the amount of from 20 to 120 g/ft^ (706 to 4238 gfrrP) 
of tiie composition. 

39. The use, \n a process for the catalytic oxidation of at least some of the volatile organic component of a diesel engine 
exhaust stream, of a catalyst to effect such oxidation whilst moderating tiie oxidation of SO2 to SO3, which catalyst 
corrprises a refractory canier on which is disposed a coating of a ceria-alumina catalytic material consisting essen- 
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tially of a combination of bulk ceria having a BET surface area of at least 10 m^/g and bulk alumina having a BET 
surface area of at least 10 vrP/g, the catalyst further comprising platinum dispersed on the said catalytic material, 
the platinum being present in an amount of from 0.1 to 5 g/ft^ (3.5 to 177 ghr?) of the said composition. 

5 40. The catalyst composition of any of claims 1 to 8 comprising the refractory carrier, the ceria and the alumina in the 
absence of a platinum group metal. 

41. The catalyst composition of any of claims 1 to 8 comprising the refractory material and the catalytic material con- 
sisting essentially of a contbination of ceria and alumina, the catalyst further comprising up to 0.1 g/ft^ (up to 3.5 
10 g/m^) of platinum dispersed on the catalytic material. 

Patentanspruche 

1. Eine Oxidationskatalysator-Zusammensetzung, umfassend einen hitzebestdndigen Trdger. auf dem eine 
IS Beschichtung aus einem katalytischen Ceroxid-Alumtniumoxid-Materlal aufgebraucht ist. das im wesentlichen aus 

einer Kbnibination von Bulk-Ceroxid mit einer BETOberflSche von mindestens 10 m^/g und Bulk-Aluminiumoxid 
mit einer BET-Oberfiache von mindestens 1 0 m^/g besteht. 

2. Die Katalysatorzusammensetzung nach Anspruch 1 , worin das Ceroxid und Aluminiumoxid jeweils 5 bis 95 Gew.- 
20 % der Kombination umfassen. 

3. Die Katalysatorzusammensetzung nach Anspruch 1 , worin das Ceroxid und Aluminiumoxid jeweils 10 bis 90 Gew.- 
% der Kdmbination unrfassen. 

25 4. Die Katalysatorzusammensetzung nach Anspruch 1 , worin das Ceroxid und Aluminiumoxid jeweils 40 bis 60 Gew.- 
% der Kombination umfassen. 

5. Die Katalysatorzusammensetzung nach einem der Anspruche 1 bis 4. worin das Ceroxid und das Aluminiumoxid 
* jeweils In getrennten Schichten, eine Ober der anderen, angeordnet sind. 

30 

6. Die Katalysatorzusammensetzung nach einem der Anspruche 1 bis 5, worin das Ceroxid ein Aluminium-stabilisier- 
tes Ceroxid umfaSt. 

7. Die Katalysatorzusammensetzung nach einem der AnsprOche 1 bis 6, worin das Ceroxid und das Aluminiumoxid 
35 jeweils eine BET-Oberf ISche von 25 m^/g bis 200 m^/g haben. 

8. Die Katalysatorzusammensetzung riach einem der Anspruche 1 bis 7, die weiterhin katalytisch aktives Platin oder 
Palladium, dispergiert auf dem katalytischen Material, enthait. wobei das Platin oder Palladium in einer mdBigen 
Menge vorhanden ist. um die Oxidation von SO2 zu SO3 zu beschrdnken oder zu verringern. 

40 ' 

9. Die Katalysatorzusammensetzung nach Anspruch 8, worin das katalytische Material darauf dispergiert eine kata- 
lytisch wirksame Menge von Platin hat. die 25 g/ft^ (883 g/m^) der Katalysatorzusammensetzung nicht ubersteigt. 

10. Die Katalysatorzusammensetzung nach Anspruch 8, worin das katalytische Material darauf dispergiert eine kata- 
45 lytisch wirksame Menge von Platin hat, die 15 g/ft^ (530 g/rrP) der Katalysatorzusammensetzung nicht ubersteigt. 

11. Die Katalysatorzusammensetzung nach Anspruch 8. die weiterhin auf dem katalytischen Material dispergiertes 
Platin enthait, wobei das Platin in einer Menge von 0,1 bis 15 g/ft^ (3.5 bis 530 g/m^) der Zusammensetzung vor- 
handen ist. 

50 

12. Die Katalysatorzusammensetzung nach Anspruch 11. worin das Platin in einer Menge von 0.1 bis 5 g/ft^ (3.5 bis 
1 77 g/m^) der Zusammensetzung vorhanden ist. 

1 3. Die Katalysatorzusammensetzung nach Anspruch 12. worin 0.1 bis 1 ,0 g/ft^ (3.5 bis 35 Q/mP) Platin vorhanden ist. 

55 

14. Die Katalysatorzusammensetzung nach Anspruch 8, die weiterhin bis zu 0,5 g/Ft^ (18 g/rr?) Platin. dispergiert auf 
dem katalytischen Material, enthdlL 
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15. Die Katalysatorzusammensetzung nach Anspruch 10 oder 14. worin 0.1 bis 0.5 g/ft^ (3,5 bis 18 g/vr?) Platin vor- 
handen ist. 

16. Die Katalysatorzusammensetzung nach einem der Anspruche 8 bis 15. worin mindestens eine katalytisch wirk- 
same Menge des Platins auf dem Ceroxid dispergiert ist 

17. Die Katalysatorzusammensetzung' nach Anspruch 16. worin mindestens eine katalytisch wirksame Menge des 
Platins auf dem Aluminiumoxid dispergiert ist. 

18. Die Katalysatorzusammensetzung nach Anspruch 8. enthaltend Palladium, dispergiert auf dem katalytischen 
Material, wobei das Palladium in einer Menge von 0,1 bis 200 g/ft^ (3,5 bis 7063 g/m^) der Zusammensetzung vor- 
handen ist. 

19. Die Katalysatorzusammensetzung nach Anspruch 18, worin das Palladium in einer Menge von 20 bis 120 g/ft^ 
(706 bis 4238 g/m^) der Zusammensetzung vorhanden Ist. 

20. Die Katalysatorzusammensetzung nach einem der Anspruche 1 bis 19 zur Verwendung bei der Reinigung eines 
gashaltigen Strpms, z.B. eines Dieselmotorenabgases, und zur Oxidation fluchtiger, organischer Kbmponenten in 
dem Strom. 

21 . Etn Verfahren zum Oxidieren oxidiert>arer Kbmponenten eines gashaltigen Stroms, umfassend den Kdntakt des 
Stromes mit einer Katalysatorzusammensetzung t>ei einer Temperatur, die hoch genug ist, um die Oxidation von 
mindestens einem Teil der oxidiert>aren Kbnponenten zu katalysieren. wobei die Katalysatorzusammensetzung 
ein katalytisches Material umfa3t, das im wesentlichen aus einer Kombination von Bulk-Ceroxid mit einer BET- 
Oberfldche von mindestens 10 rr?/g und Bulk-Aluminiumoxid mit einer BET-Oberfiache von mindestens 10 m^/g 
besteht. 

22. Ein Verfahren gemSB Anspruch 21 , worin der gashaltige Strom einen Dieselmotoren-Abgasstrom umfa8t, der eine 
fluchtige, organische Fraktion enthait, und worin der Strom mit der Katalysatorzusammensetzung bei einer Tenpe- 
ratur in Kontakt gebracht wird, die hoch genug ist. um die Oxidation mindestens eines Teils der f IQchtigen, organi- 

schen Fraktion zu katalysieren. 

23. Das Verfahren nach Anspruch 21 oder 22, worin das Ceroxid und Aluminiumoxid jeweils 5 bis 95 Gew.-% der Kom- 
bination umfassen. 

24. Verfahren nach Anspruch 21 oder 22, worin das Ceroxid und Aluminiumoxid jeweils 10 bis 90 Gew.-% der Kombi- 
nation umlassen. 

25. Das Verfahren nach Anspruch 21 Oder 22, worin das Ceroxid und Aluminiumoxid jeweils 40 bis 60 Qew.-% der 
Kombination umfassen. 

26. Das Verfahren nach einem der Anspruche 1 bis 25. worin die Temperatur des am Anfang mit der Katalysatorzu- 
sammensetzung in Kontakt gebrachten Abgases 100 bis 800 °C betrdgt. 

. 27. Verfahren nach einem der Anspruche 21 bis 26, worin das Ceroxid und das Aluminiumoxid jeweils eine BET-Ober- 
f lache von 25 m^/g bis 200 m^/g haben. 

28. Das Verfahren nach einem der AnsprQche 21 bis 27, worin das Ceroxid Aluminiumstabilisiertes Ceroxid umfa8t. 

29. Das Verfahren nach einem der Anspruche 21 bis 28, worin das Ceroxid und das Aluminiumoxid jeweils in getrenn- 
ten Schichten, eine uber der anderen. angeordnet sind. 

30. Verfahren nach einem der Anspruche 21 bis 29, worin die Katalysatorzusammensetzung weiterhin katalytisch akti- 
ves Platin oder Palladium, dispergiert auf dem katalytischen Material, umfaBt. wobei das Platin oder Palladium in 
einer mdBrgen Menge vorhanden ist. um die Oxidation von SO2 zu SO3 zu beschrdnken oder zu verringern. 

31. Das Verfahren nach Anspruch 30. worin das katalytische Material eine darauf dispergierte, katalytisch wirksame 
Menge von Platin enthdlt, die 25 g/ft^ (883 g/m^) der Katalysatorzusammensetzung nicht Qbersteigt. 
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32. Das Verfahren nach Anspruch 30. weiter enthaltend Platin, dispergiert auf dem katalytischen Material, wobei das 
Platin in einer Menge von 0.1 bis 15 g/ft^ (3.5 bis 530 g/rr?) der Zusammensetzung vorhanden ist. 

33. Das Verfahren nach Anspruch 32, worin das Platin In einer Menge von 0,1 bis S-g/ft^ (3.5 bis 177 g/rr?) der 
5 Zusammensetzung vorhanden ist. 

34. Das Verfahren nach Anspruch 33. worin 0,1 bis 1.0 g/ft^ (3.5 bis 35 g/m^) Platin vorhanden ist. 

35. Das Verlahren nach Anspruch 30, worin das katalytische Material, darauf dispergiert, bis zu 0,5 g/ft^ (18 g/trP) Pla- 
10 tin hat. 

36. Das Verfahren nach Anspruch 35, worin das Platin in einer Menge von 0.1 bis 0.5 g/ft^ (3.5 bis 18 g/rr?) der 
Zusammensetzung vorhanden ist. 

IS 37. Das Verfahren nach Anspruch 30, enthaltend Palladium, dispergiert auf dem katalytischen Material, wobei das Pal- 
ladium in einer Menge von 0,1 bis 200 g/ft^ (3.5 bis 7063 g/rrP) der Zusammensetzung vorhanden ist. , 

38. Das Verfahren nach Anspruch 37, worin das Palladium in einer Menge von 20 bis 120 g/ft^ (708 bis 4238 ghr?) der 
Zusammensetzung vorhanden ist. 

20 ' 

39. Die Verwendung in.einem Veriiahren zur katalytischen Oxidation mindestens eines Tells der fluchtigen. organischen 
Komponente eines Dieselmotoren-Abgasstro'ms. eines Katalysators zum Bewirken einer solchen Oxidation, wobei 

. die Oxidation von SOg zu SO3 moderat erfolgt, wobei der Katalysator einen hitzebestandigen TrSger umfaRt, auf 
dem eine Beschichtung eines katalytischen Ceroxid-Aluminiumoxid -Materials angeordnet ist. das im wesentlichen 
25 aus einer Kombination von Bulk-Ceroxid mrt einer BET-Oberfl§che von mindestens 10 m^/g und Bulk-Aluminium- 
oxid mit einer BETOberfldche von mindestens 10 tr?/g besteht, und der Katalysator welterhin auf dem katalyti- 
schen Material dispergiertes Platin enthdit, wobei das Platin in einer Menge von 0.1 bis 5 g/ft^ (3,5 bis 177 g/m^) 
der Zusammensetzung vorhanden ist 

30 40. Die Katalysatbrzusammensetzung nach einem der Anspruche 1 bis 8, umfassend den hitzebestdndigen Trdger, 
das Ceroxid und das Aluminiumoxid, in Abwesenheit eines Metalls der Platingruppe. 

41. Die Katalysatorzusammensetzung nach einem der Anspruche 1 bis 8. umfassend das hitzebestdndige Material 
und das katalytische Material, bestehend im wesentlichen aus einer Kombination von Ceroxid und Aluminiumoxid, 
35 wobei der Katalysator weiterhin bis zu 0.1 g/R^ (bis zu 3,5 g/m^) Platin, dispergiert auf dem katalytischen Material, 
umfaBt. 

Revendications 

40 1 . Composition de catatyseur d'oxydation qui comprend un support r^f ractaire sur lequel est dispose un rev§tement 
d'un mat^rlau catalytique d'oxyde c6rique-alumine consistant essentiellement en une combinaison d'oxyde c6rique 
massif ayant une surface sp^ifique BET d*au moins 10 m^/g et d'alumine massive ayant une surface specif ique 
BETde10rTi2/g. 

45 2. Composition de catalyseur de la revendication 1 , dans laquelte I'oxyde c6rique et Talumine constituent chacun 5 k 
95 pour cent en poids de la combinaison. 

3. Composition de catalyseur.de la revendication 1 , dans laquelle I'oxyde c^rique et I'alumine constituent chacun 1 0 
k 90 pour cent en poids de la combinaison. 

50 

4. Composition de catalyseur de la revendication 1 , dans laquelle I'oxyde c^rique et I'alumine constituent chacun 40 
k 60 pour cent en poids de la combinaison. 

5. Composition de catalyseur de Tune quelconque des revendications 1 k 4, dans laquelle Yaxy6e c^rique et I'alumine 
55 sont chacun disposes en couches discretes respectives. Tune superpos^e k Tautre. 

^ 6. Composition de catalyseur de I'une quelconque des revendications 1 k 5, dans laquelle I'oxyde c^rique comprend 
un oxyde c^rique stabilise par de Taluminium. 
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7. Composition de catalyseur de i'une quelconque des revendications 1 k 6, dans laquelle I'oxyde c^rique et ralumine 
ont chacun une surlace sp^dfique BET comprise entre 25 m^/g et 200 m^/g. 

8. Composition de catalyseur de Tune quelconque des revendicatior^ 1 d 7, comprenant en outre du platine ou du 
5 palladium catalytiquement actif disperse sur le mat^riau catalytique, le platine ou ie palladium 6tant pr^ents en 

une quantity TX\o6Me permettant de limiter ou de r^uire Toxydation de SO2 en SO3. 

9. Composition de catalyseur de la revendicatlon 8, dans laquelle le mat^riau catalytique porte disperse sur lui une 
quantity efficace de platine ne d^ssant pas 25 gy|3ied^ (883 g/m^) de la composition de catalyseur. 

10 

10. < Composition de catalyseur de la revendication 8, dans laquelle le mat^riau catalytique porte disperse sur lui une 

quantity efficace de platine ne d^assant pas 1 5 gfpled^ (530 g/rrP) de la composition de catalyseur. 

11. Composition de catalyseur de la revendication 8, comprenant en outre du platine disperse sur le mat^riau catalyti* 
IS que, le platine §tant pr^ent dans la quantity allant de 0,1 ^ 15 gfpiedi^ (3,5 k 530 gfrr?) de la composition. 

12. Composition de catalyseur de la revendication 1 1 , dans laquelle le platine est present dans la quantity allant de 0.1 
k 5 Q/piexfi (3,5 k 1 77 g/rr?) de la composition. 

20 13. Composition de catalyseur de la revendication 12. dans laquelle il y a de 0,1 ^ 1.0 g/pied^ (3,5 k 35 g/pied^) de 
platine. 

14. Composition de catalyseur de la revendication 8. comprenant en outre jusqu'^ 0,5 g/pied^ (18 gfrrt^) de platine dis- 
perse sur le mat^riau catalytique. 

25 

1 5. Composition de catalyseur de la revendication 1 0 ou 1 4, dans laquelle il y a de 0, 1 ^ 0.5 g/|pied^ (3.5 k 1 8 g/m^) de 
platine. 

16. Composition de catalyseur de I'une quelconque des revendications 8^15, dans laquelle au moins une quantity 
30 catalytiquement efficace du platine est dispers6e sur I'oxyde c6rique. 

1 7. Composition de catalyseur de la revendication 1 6, dans laquelle au moins une quantity catalytiquement efficace du 
platine est dispers^e sur Talumine. 

35 18. Composition de catalyseur de la revendication 8 comprenant du palladium disperse sur le mat^riau catalytique. le 
palladium ^nt pr^ent dans la quantity allant de 0,1 k 200 g/pied^ (3.5^ 7063 g/rrP) de la composition. 

19. Composition de catalyseur de la revendication 18, dans laquelle le palladium est present dans la quantity allant de 
20 d 120 g/pied^ (706 k 4238 gftr?) de la composition. 

40 

20. Composition de catalyseur de Tune quelconque des revendications 1^19, destinSe k §tre utilis^e dans la purifica- 
tion d'un flux en suspension dans un gaz, par exemple, un ^happement de moteur Diesel, et destines k Toxyda- 
tion de composants organiques volatiis k Tint^rieur du flux. 

45 21. M^hode d'oxydation de composants oxydables d'un flux en suspension dans un gaz, cette m^thode comprenant 
les stapes consistent k mettre en contact le flux avec une composition de catalyseur k une temperature suffisam- 
ment eiev^e pour catalyser Toxydation d'au moins certains des composants oxydables, la composition de cataly- 
seur comprenant un materiau catalytiquje consistant essentieliement en une oombinaison d'oxyde c^rique niassif 
ayant une surface sp6cifique BET d'au moins 10 m^/g et d'alumine massif ayant une surfece specif ique BET d'au 

50 moins 10 m^/g. 

22. Method e selon la revendication 21 , dans laquelle le flux en suspension dans un gaz comprend un flux d'6chappe- 
ment de moteur Diesel contenant une fraction organique volatile, et dans laquelle le flux est mis en contact avec la 
composition de catalyseur k une temperature suff isamment eievee pour catalyser Toxydation d'au moins une partie 

55 . de la fraction organique volatile. 

23. Methode de la revendication 21 ou de la revendication 22. dans laquelle I'oxyde cerique et I'alumine constituent 
chacun 5 ^ 95 pour cent en poids de la combinaison. 
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24. M^thode de la revendicatlon 21 ou de ta revendication 22, dans laquelle Toxyde c^rique et Talumine constituent 
chacun 1 0 ^ 90 pour cent en poids de la combinaison. 

25. Methods de la revendication 21 ou de la revendication 22, dans laquelle Toxyde c^rique et ralunnine constituent 
chacun 40 ^ 60 pour cent en poids de la combinaison. 

26. M^thode de Tune quelconque des revendications 21 k 25, dans laquelle la temp^ature de I'^chappement initiale- 
ment mis en contact avec la composition de catalyseur est comprise entre 100°C et 800''C. 

27. M6thode de Tune quelconque des revendications 21 ^ 26, dans laquelle I'oxyde c^rique et Tatumine ont chacun 
une surface sp^if ique BET comprise entre 25 m^/g ^ 200 m^/g. 

28. M6thode de Tune quelconque des revendications 21 k 27, dans laquelle Toxyde c^rique comprend de I'oxyde c6rt> 
que stabilise par de raluminium. 

29. M^thode de Tune quelconque des revendications 21 h 28. dans laquelle Poxyde c^rique et I'atumine sont chacun - 
disposes en couches discretes respectives. I'une superpos^e k Tautre. 

30. M6thode selon I'une quelconque des revendications 21 k 29, dans laquelle ta composition de catalyseur comprend 
en outre du platine ou du palladium catalytiquement actif disperse sur le mat^riau catalytique, le platine ou le pal- 

• ladium 6tant pr^ents en une quantity mod^r^e permettant de iimiter ou de r^uire Toxydation de SO2 en SO3. 

31. M6thode selon la revendication 30. dans laquelle le mat^riau catalytique porte disperse sur lui une quantity effi- 
cace de platine ne d6passant pas 25 g/pied^ (883 g/m^) de la composition de catalyseur. 

32. M^thode de la revendication 30, conrprenant en outre du platine disperse sur le mat6riau catalytique, le platine 
6tant present dans la quantity allant de 0.1 ^ 15 g/t^ied^ (3.5 k 530 g/trP) de la composition. 

33. M^thode de la revendication 32. dans laquelle le platine est pr^ent dans la quantity allant de 0.1 ^ 5 g/pied^ (3,5 
k 1 77 Qfm^) de la composition. 

34. M^thode de la revendication 33. dans laquelle il y a de 0,1 d 1 .0 g/pied^ (3,5 k 35 g/rrP) de platine. 

35. Mdthode de la revendication 30, dans laquelle le mat^riau catalytique comprend jusqu'^ 0.5 gfpled^ (18 g/rr?) de 
platine disperse dessus. 

36. M^thode de la revendication 32, dans laquelle le platine est present dans la quantity allant de 0,1 ^ 0.5 gy|3ied^ (3,5 
^ 18 g/m^) de la composition. 

37. M6thode de la revendication 30, incluant du palladium disperse sur le mat^riau catalytique, le palladium 6tant pre- 
sent dans la quantity allant de 0.1 k 200 g/pied^ (3,5 k 7063 g/rr?) de la composition. 

38. M6thode de la revendication 36, dans laquelle le palladium est pr^ent dans la quantity allant de 20 ^ 1 20 gfpi&P 
(706 k 4238 Qfrr?) de la composition. 

. 39. Utilisation, dans un proc^6 destine k Toxydation d*au moins certains composants organiques voiatils d'un flux 
d'dchappement de moteur Diesel, d'un catalyseur permettant d'effectuer cette oxydation tout en mod^rant roxyda- 
tion de SO2 en SO3, ce catalyseur comprenant un support r6fractaire sur iequel est dispose un revdtement d*un 
mat^au catalytique d'oxyde c^rique-alumine consistant essentiellement en une combinaison d'oxyde c6rique 
massif ayant une surface specif ique BET d'au moins 10 m^/g et d'alumine massive ayant une surface specif ique 
de 1 0 m^/g, le catalyseur comprenant en outre du platine disperse sur le mat^riau catalytique. le platine 6tant pre- 
sent dans la quantity allant de 0,1 k 5 g/pied^ (3,5 ^177 g/rrP) de ladite composition. 

40. Composition de catalyseur de Tune quelconque des revendications 1 k 8, comprenant le support r^fractaire, 
I'oxyde c^rique et I'alumine en I'absence d'un m^ du groupe du platine. 

41. Composition de catalyseur de I'une quelconque des revendications 1 k 8. comprenant le mat6riau r^fractaire et le 
mat^iau catalytique consistant essentiellement en une combinaison d'oxyde c^rique et d'alumine. le catalyseur 
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comprenant en outre jusqu'^ 0,1 q/V? Gusqu*^ 3,5 g/m^) de platine disperse sur le matSriau catalytique. 
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